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PREFACE. 


It  will  be  observed  that  the  title  of  tils  volume  is  "Mental 
Evolution  in  Animals."  The  reasons  -which  have  led  me  to 
depart  from  my  intention  (as  expressed  in  the  Preface  of 
"  Animal  Intelligence")  to  devote  the  present  essay  to  mental 
evolution  in  man  as  well  as  in  animals,  are  given  in  the 
introductory  chapter. 

It  may  appear  that  in  the  following  pages  a  somewhat 
disproportionate  amount  of  space  has  been  allotted  to  the 
treatment  of  Instinct;  but,  looking  to  the  confusion  which 
prevails  with  reference  to  this  important  branch  of  psychology 
in  the  writings  of  our  leading  authorities,  I  have  deemed  it 
desirable  to  consider  the  subject  exhaustively. 

It  is,  I  think,  desirable  briefly  to  explain  the  circum- 
stances under  which  I  have  been  enabled  to  produce  so  much 
hitherto  unpublished  material  from  the  MSS  of  the  late 
Mr.  Darwin,  and  also  to  state  the  extent  to  which  I  have 
availed  myself  of  such  of  this  unpublished  material  as  came 
into  my  hands.  As  I  have  already  explained,  in  the  Preface 
of  "  Animal  Intelligence,"  Mr.  Darwin  himself  gave  me  all  his 
MSS  relating  to  psychological  subjects,  with  the  request  that 
I  should  publish  any  parts  of  them  that  I  chose  in  my  works 
on  Mental  Evolution.  But  after  his  death  I  felt  that  the  cir- 
cumstances with  reference  to  this  kind  oflfer  were  changed, 
and  that  I  should  scarcely  be  justified  in  appropriating  so 
much  material,  the  value  of  which  had  become  enhanced.  I 
therefore  published  at  the  Linnean  Society,  and  with  the 
consent  of  Mr.  Darwin's  family,  as  much  of  this  material  as 
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2  PREFACE. 

could  be  published  in  a  consecutive  form ;  this  is  the  chapter 
which  was  intended  for  the  "  Origin  of  Species,"  and  which, 
for  the  sake  of  reference,  I  have  added  as  an  Appendix  to  my 
present  work.  For  the  rest,  the  numerous  disjointed  para- 
graphs and  notes  which  I  found  among  the  MSS  I  have 
woven  into  the  text  of  this  book,  feeling  on  the  one  hand 
that  they  were  not  so  well  suited  to  appear  as  a  string  of 
disconnected  passages,  and  on  the  other  hand  that  it  was 
desirable  to  publish  them  somewhere.  I  have  gone  through 
all  the  MSS  carefully,  and  have  arranged  so  as  to  introduce 
every  passage  in  them  of  any  importance  which  I  find  to 
have  been  hitherto  unpublished.  In  no  case  have  I  found 
any  reason  to  suppress  a  passage,  so  that  the  quotations  which 
I  have  given  may  be  collectively  regarded  as  a  full  supple- 
mentary publication  of  all  that  Mr.  Daxwin  has  written  in  the 
domain  of  psychology.  In  order  to  facilitate  reference,  I  have 
given  in  the  Index,  under  Mr.  Darwin's  name,  the  numbers  of 
all  the  pages  in  this  work  where  the  quotations  in  question 
occur. 


18,  CoBirwALL  Tbbbaoe, 

Beoeni's  Pabk,  Lonbok,  N.W., 
November,  1883. 
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INTRODUCTION. 


In  the  family  of  the  sciences  Comparative  Psychology  may 
claim  nearest  kinship  with  Comparative  Anatomy ;  for  just 
as  the  latter  aims  at  a  scientific  comparison  of  the  bodily 
structures  of  organisms,  so  the  former  aims  at  a  similar  com- 
parison of  their  mental  structures.*  Moreover,  ir  the  one 
science  as  in  the  other,  the  first  object  is  to  analyze  all  the 
complex  structures  with  which  each  has  respectively  to  deal. 
When  this  analysis,  or  dissection,  has  been  completed  for  as 
great  a  number  of  cases  as  circumstances  permit,  the  next 
object  is  to  compare  with  one  another  all  the  structures  which 
have  been  thus  analyzed ;  and,  lastly,  the  results  of  such 
comparison  supply,  in  each  case  aUke,  the  basis  for  the  final 
object  of  these  sciences,  which  is  that  of  classifying,  with 
reference  to  these  results,  all  the  structures  which  have  been 
thus  examined. 

In  actual  research  these  three  objects  are  prosecuted,  not 
successively,  but  simultaneously.  Thus  it  is  not  necessary 
in  either  case  that  the  final  object — that  of  classification — 
should  wait  for  its  commencement  upon  the  completion  of 
the  dissection  or  analysis  of  every  organism  or  every  mental 
structure  that  is  to  be  found  upon  the  earth.  On  the  con- 
trary, the  comparison  in  each  case  begins  with  the  facts  that 
are  first  found  to  be  comparMe,  and  is  afterwards  pro- 
gressively extended  as  knowledge  of  additional  facts  becomes 
more  extensive. 

Now  each  of  the  three  objects  which  I  have  named  affords 

*  The  word  "  Btruoturo  "  is  used  in  a  metaphorical  «ente  when  applied  to 
mind,  but  (he  mage  is  convenient. 
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in  its  pursuit  many  and  varied  points  of  interest,  which  are 
quite  distinct  from  any  interest  that  may  be  felt  in  the  attain- 
ment of  the  ultimate  end— Classification.  Thus,  for  example, 
the  study  of  the  human  hand  as  a  mechanism  has  an  interest 
apart  from  all  considerations  touching  the  comparison  of  its 
structure  with  that  of  the  corresponding  member  in  other 
animals ;  and,  similarly,  the  study  of  the  psychological  facul- 
ties in  any  given  animal  has  an  interest  apart  from  all  con- 
siderations touching  their  comparison  with  the  corresponding 
faculties  in  other  animals.  Again,  just  as  the  comparison  of 
separate  bodily  members  throughout  the  animal  series  has  an 
interest  apart  from  any  question  concerning  the  classification 
of  animal  bodies  to  which  such  comparison  may  ultimately 
lead,  so  the  study  oi  separate  psychical  faculties  throughout 
the  animal  series  (including,  of  course,  mankind)  has  an 
interest  quite  distinct  from  any  question  concerning  the 
classification  of  animal  minds  to  which  such  comparison  may 
ultimately  lead;  Lastly,  around  and  outside  all  the  objects 
of  these  sciences  as  such,  there  lies  the  broad  expanse  of 
General  Thought,  into  which  these  sciences,  in  all  their 
stages,  throw  out  branches  of  inference.  It  is  needless  to 
say  that  of  late  years  the  interest  with  which  the  unpre- 
cedented growth  of  these  branches  is  watched  has  become  so 
universal  and  intense,  that  it  may  be  said  largely  to  have 
absorbed  the  iQore  exclusive  sources  of  interest  which  I  have 
enumerated. 

With  the  view  of  furthering  these  various  lines  of  interest, 
I  have  undertaken  a  somewhat  laborious  enquiry,  part  of 
which  has  already  been  published  in  the  Interna' ional 
Scientific  Series,  and  a  further  instalment  of  which  is  con- 
tained in  the  present  volume.  The  two  works,  therefore, 
"  Animal  Intelligence  "  end  "  Mental  Evolution  in  Animals," 
although  published  separately,  are  really  one ;  and  they  have 
been  divided  only  for  the  following  reasons.  In  the  first 
place,  to  haire  pxoduced  the  whole  as  one  volume  would  have 
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been  to  present  a  book,  if  not  of  inconvenient  bulk,  at  least 
quite  out  of  keeping  with  the  size  of  all  the  other  books  in 
the  same  series.  Moreover,  the  subject-matter  of  each  work, 
although  intimately  related  to  that  of  the  other,  is  never- 
theless quite  distinct.  The  first  is  a  compendium  of  facts 
relating  to  Animal  Intelligence,  which,  while  necessary  as  a 
basis  for  the  present  essay,  is  in  itself  a  separate  and  distinct 
treatise,  intended  to  meet  the  interest  already  alluded  to  as 
attaching  to  this  subject  for  its  own  sake ;  while  the  second 
treatise,  although  based  upon  the  former,  haa  to  deal  with  a 
wider  range  of  subject-matter. 

It  is  evident  that,  in  entering  upon  this  wider  field,  I  shall 
frequently  have  to  quit  the  narrower  limits  of  direct  obser- 
vation within  which  my  former  work  was  confined ;  and  it  is 
chiefly  because  I  think  it  desirable  clearly  to  distinguish 
between  the  objects  of  Comparative  Psyobology  as  a  science, 
and  any  inferences  or  doctrines  which  may  be  connected  with 
its  study,  that  I  have  made  so  complete  a  partition  of  the 
facts  of  animal  intelligence  from  the  theories  which  I  believe 
these  facts  to  justify. 

So  much,  then,  for  the  reascms  which  have  led  to  the  form 
of  these  essays,  and  the  relations  which  I  intend  tlie  one  to 
bear  to  the  other.  I  may  now  say  a  few  words  to  indicate 
the  structure  and  scope  of  the  present  essay. 

Every  discussion  must  rest  on  some  basis  of  assumption ; 
every  thesis  must  have  some  hypothesis.  The  hypothesis 
which  I  shall  take  is  that  of  the  truth  of  the  general  theory 
of  Evolution :  I  shall  assume  the  truth  of  this  theory  so  far 
as  I  feel  that  all  competent  persons  of  the  present  day  will 
be  prepared  to  allow  me.  I  must  therefore  first  define  what 
degree  of  latitude  I  suppose  to  be  thus  conceded. 

I  take  it  for  granted,  then,  that  all  my  readers  accept  the 
doctrine  of  Organic  Evolution,  or  the  belief  that  all  species  of 
plants  and  animals  have  had  a  derivative  mode  of  origin  by 
way  of  natural  descent ;  and,  moreover,  that  one  great  law  or 
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method  of  the  process  has  been  natural  selection,  or  survival 
of  the  fittest.  If  anyone  grants  this  much,  I  further  assume 
that  he  must  concede  to  me  the  fact,  as  distinguished  from  the 
manner  and  history  of  Mental  Evolution,  throughout  the  whole 
range  of  the  animal  kingdom,  with  the  exception  of  man.  I 
assume  this  because  I  hold  that  if  the  doctrine  of  Organic 
Evolution  is  accepted,  it  carries  with  it,  as  a  necessary 
corollary,  the  doctiine  of  Mental  Evolution,  at  all  events  as 
far  as  the  brute  creation  is  concerned.  For  throughout  the 
brute  creation,  from  wholly  unintelligent  animals  to  the  most 
highly  inteUigent,  we  can  trace  one  continuous  gradation ;  so 
that  if  we  already  believe  that  all  specific  forms  of  animal 
life  have  had  a  derivative  origin,  we  cannot  refuse  to  believe 
that  all  the  mental  faculties  which  these  various  forms 
present  must  likewise  have  had  a  derivative  origin.  And,  as 
a  matter  of  fact,  we  do  not  find  anyone  so  unreasonable  as  to 
maintain,  or  even  to  suggest,  that  if  the  evidence  of  Organic 
Evolution  is  accepted,  the  evidence  of  Mental  Evolution, 
within  the  limits  which  I  have  named,  can  consistently  be 
rejected.  The  one  body  of  evidence  therefore  serves  as  a 
pedestal  to  the  other,  such  that  in  the  absence  of  the  former 
the  latter  would  have  no  locm  standi  (for  no  one  could  well 
dream  of  Mental  Evolution  were  it  not  for  the  evidence  of 
Organic  Evolution,  or  of  the  transmutation  of  species) ;  while 
the  presence  of  the  former  irresistibly  suggests  the  necessity 
of  the  latter,  as  the  logical  structure  for  the  support  of  which 
the  pedestal  is  what  it  is. 

It  will  be  observed  that  in  this  statement  of  the  case  I 
have  expressly  excluded  the  psychology  of  man,  as  being  a 
department  of  comparative  psychology  with  reference  to 
which  I  am  not  entitled  to  assume  the  principles  of  Evolu- 
tion. It  seems  needless  to  give  my  reasons  for  this  exclusion. 
For  it  is  notorious  that  from  the  hour  when  Mr.  Darwin  and 
Mr.  Wallace  simultaneously  propounded  the  theory  which 
has  exerted  so  enoimous  an  influence  on  the  thought  of  the 


I 


INTRODUCTION. 


present  century,  the  difference  between  the  views  of  these 
two  joint  originators  of  the  theory  has  since  been  shared  by 
the  ever-increasing  host  of  their  disciples.  We  all  know 
what  that  difference  is.  We  all  know  that  while  Mr.  Darwin 
believed  the  fact-s  of  human  psychology  to  admit  of  being 
explained  by  the  general  laws  of  Evolution,  Mr.  Wallace  does 
not  believe  these  facts  to  admit  of  being  thus  explained. 
Therefore,  while  the  followers  of  Mr.  Darwin  maintain  that 
all  organisms  whatsover  are  alike  products  of  a  natural 
genesis,  the  followers  of  Mr.  Wallace  maintain  that  a  distinct 
exception  must  be  made  to  this  general  statement  in  the  case 
of  the  human  organism ;  or  at  all  events  in  the  case  of  the 
human  mind.  Thus  it  is  that  the  great  school  of  evolutionists 
is  divided  into  two  sects ;  according  to  one  the  mind  of  man 
has  been  slowly  evolved  from  lo^  fer  types  of  psychical  exist- 
ence, and  according  to  the  other  the  mind  of  man,  not  having 
been  thus  evolved,  stands  apart,  sui  generis,  from  all  other 
types  of  such  existence. 

Now  assuredly  we  have  here  a  most  important  issue,  and 
as  it  is  one  the  discussion  of  whic\  will  constitute  a  large 
element  of  my  work,  it  is  perhaps  desirable  that  I  should 
state  at  the  outset  the  manner  in  which  I  propose  to  deal 
with  it. 

The  question,  then,  as  to  whether  or  not  human  intelli- 
gence has  been  evolved  from  animal  intelligence  can  only  be 
dealt  with  scientifically  by  comparing  the  one  with  the  other, 
in  order  to  ascertain  the  points  wherein  they  agree  and  the 
points  wherein  they  differ.  Now  there  can  be  no  doubt  that 
when  this  is  done,  the  difference  between  the  mental  faculties 
of  the  most  intelligent  animal  and  the  mental  faculties  of  the 
lowest  savage  is  seen  to  be  so  vast,  that  the  hypothesis  of 
their  being  so  nearly  allied  as  Mr.  Darwin's  teaching  implies, 
appears  at  first  sight  absurd.  And,  indeed,  it  is  not  until  we 
have  become  convinced  that  the  theory  of  Evolution  can 
alone  afford  an  explanation  of  the  facts  of  human  anatomy, 
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that  we  are  prepared  to  seek  for  a  similar  explanation  of  the 
facts  of  human  psychology.  But  wide  as  is  the  difference 
between  the  mind  of  a  man  and  the  mind  of  a  brute,  we  must 
remember  that  the  question  is  one,  not  as  to  degree,  but  as  to 
kind ;  and  therefore  that  our  task,  as  serious  enquirers  after 
truth,  is  calmly  and  honestly  to  examine  the  character  of  the 
difference  which  is  presented,  in  order  to  determine  whether 
it  is  really  beyond  the  bounds  of  rational  credibility  that  the 
enormous  interval  which  now  separates  these  two  divisions  of 
mind  can  ever  have  been  bridged  over,  by  numberless  inter- 
mediate gradations,  during  the  untold  ages  of  the  past. 

While  writing  the  first  chapters  of  the  present  volume,  I 
intended  that  the  latter  half  of  it  should  be  devoted  to  a  con- 
sideration of  this  question,  and  therefore  in  "  Animal  Intelli- 
gence" I  said  that  such  would  be  the  case.  But  as  the 
work  proceeded  it  soon  became  evident  that  a  full  treat- 
ment of  this  question  would  require  more  space  than  could 
be  allowed  in  a  single  volume,  without  seriously  curtailing 
both  the  consideration  of  tliis  question  itself  and  also  that  of 
Mental  Evolution,  as  this  is  exhibited  in  the  animal  kingdom. 
I  therefore  determined  on  restricting  the  present  essay  to  a 
consideration  of  Mental  Evolution  in  Animals,  and  on  reserv- 
ing for  subsequent  publication  all  the  material  which  I  have 
collected  bearing  on  Mental  Evolution  in  Man.  I  cannot 
yet  say  how  long  it  will  be  before  I  can  feel  that  I  am  justified 
in  publishing  my  researches  concerning  this  branch  of  my 
subject ;  for  the  more  that  I  have  investigated  it,  the  more 
have  I  found  that  it  grows,  as  it  were,  in  three  dimensions — 
in  depth,  width,  and  complexity.  But  at  whatever  time  I 
shall  be  able  to  publish  the  third  and  final  instalment  of 
my  work,  it  will  of  course  rest  upon  the  basis  supplied  by 
the  present  essay,  as  this  rests  upon  the  basis  supplied  by 
the  previous  one. 

It  being  understood,  then,  that  the  present  essay  is 
restricted  to  a  consideration  of  Mental  Evolution  in  Animals, 
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I  should  like  to  have  it  also  understood  that  it  is  further 
restricted  to  the  psychology  as  distinguished  from  the  philo- 
sophy of  the  subject.  In  a  short  and  independent  essay, 
pubUshed  elsewhere,*  I  have  already  stated  my  views  con- 
cerning the  more  important  questions  of  philosophy  into 
which  the  subject-matter  of  psychology  is  so  apt  to  dip ;  but 
here  it  is  only  needful  to  emphasize  the  fact  that  these  two 
strata  of  thought,  although  assuredly  in  juxtaposition,  are 
no  less  assuredly  distinct.  My  present  enquiry  belongs  only 
to  the  upper  stratum,  or  to  the  science  of  psychology  as  dis- 
tinguished from  any  theory  of  knowledge.  I  am  in  no  wise 
concerned  with  "  the  transition  from  the  object  known  to  the 
knowing  subject,"  and  therefore  I  am  in  no  wise  concerned 
with  any  of  the  philosophical  theories  which  have  been  pro- 
pounded upon  this  matter.  In  other  words,  I  have  every- 
where to  regard  mind  as  an  object  and  mental  modifications  as 
phenomena ;  therefore  I  have  throughout  to  investigate  the 
process  of  Mental  Evolution  by  what  is  now  generally  and 
aptly  termed  the  historical  method.  I  cannot  too  strongly 
impress  upon  the  memory  of  those  who  from  previous  reading 
are  able  to  appreciate  the  importance  of  the  distinction,  that 
I  thus  intend  everywhere  to  remain  within  the  borders  of 
psychology,  and  nowhere  to  trespass  upon  the  grounds  of 
philosophy. 

On  entering  so  wide  a  field  of  enquiry  as  that  "whose  limits 
I  have  now  indicated,  it  is  indispensable  to  the  continuity  of 
advance  that  we  should  be  prepared,  where  needful,  to  supple- 
ment observation  with  hypothesis.  It  therefore  seems  desira- 
ble to  conclude  this  Introduction  ^vith  a  few  words  both  to 
explain  and  to  justify  the  method  which  in  this  matter  I 
intend  to  foUow. 

It  has  already  been  stated  that  the  sole  object  of  this 
work  is  that  of  tracing,  in  as  scientific  a  manner  as  possible, 
the  probable  history  of  Mental  Evolution,  and  therefore,  of 

*  Nineteenth  Century,  December,  1882. 
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course,  of  enquiring  into  the  causes  which  have  determined  it. 
So  far  as  observation  is  available  to  guide  us  in  this  enquiry, 
I  shall  resort  to  no  other  assistance.  Where,  however,  from 
the  nature  of  the  case,  observation  fails  us,  I  shall  proceed  to 
inference.  But  though  I  shall  use  this  method  as  sparingly 
as  possible,  I  am  aware  that  criticism  will  often  find  valid 
ground  to  object — '  It  is  all  very  well  to  map  out  the  sup- 
posed genesis  of  the  various  mental  faculties  in  this  way,  but 
we  require  some  definite  experimental  or  historical  proof  that 
the  genesis  in  question  actually  did  take  place  in  the  order 
and  manner  that  you  infer.' 

Now,  in  answer  to  this  objection,  I  have  only  to  say  that 
no  one  can  have  a  more  lively  appreciation  than  myself  of 
the  supreme  importance  of  experimental  or  historical  veri- 
fication, in  all  cases  where  the  possibility  of  such  verification 
is  attainable.  But  in  cases  where  such  verification  is  not 
attainable,  what  are  we  to  do  ?  "We  may  clearly  do  either  of 
two  things.  We  may  either  neglect  to  investigate  the  sub- 
ject at  all,  or  we  may  do  our  best  to  investigate  it  by  employ- 
ing the  only  means  of  investigation  which  are  at  our  disposal. 
Of  these  two  courses  there  can  be  no  doubt  which  is  the  one 
that  the  scientific  spirit  prompts.  The  true  scientific  spirit 
desires  to  examine  everything,  and  if  in  any  case  it  is  refused 
the  best  class  of  instruments  wherewith  to  conduct  the 
examination,  it  will  adopt  the  next  best  that  are  available. 
In  such  cases  science  clearly  cannot  be  forwarded  by  neglect- 
ing to  use  these  instruments,  while  her  cause  may  be  greatly 
advanced  by  using  them  with  care.  This  is  proved  by  the 
fact  that,  in  the  science  of  psychology,  nearly  all  the  con- 
siderable advances  which  have  been  made,  have  been  made, 
not  by  experiment,  but  by  observing  mental  phenomena  and 
reasoning  from  these  phenomena  deductively.  In  such  cases, 
therefore,  the  true  scientific  spirit  prompts  us,  not  to  throw 
away  deductive  reasoning  where  it  is  so  frequently  the  only 
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instrument  available,  but  rather  to  carry  it  with  us,  and  to 
use  it  as  not  abusing  it. 

And  this,  as  I  have  said,  is  what  I  shall  endeavour  to  do. 
No  one  can  regret  more  than  myself  that  the  most  interesting 
of  all  regions  of  scientific  enquiry  should  happen  to  be  the 
one  in  which  experiment,  or  inductive  verification,  is  least 
of  all  applicable ;  but  such  being  the  case,  we  must  take  the 
case  as  we  find  it,  use  deductive  reasoning  where  we  clearly 
see  that  it  is  the  only  instrument  available,  but  use  it  to  as 
limited  an  extent  as  the  nature  of  our  subject  permits. 
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Page  145,  fw  Conceptualism  nad  Realism. 


mean  two  very  clifterent  tiimgs,  according  as  we  contemplate 
it  in  our  own  individual  selves,  or  as  manifested  by  other 
beings.  For  if  I  contemplate  my  own  mind,  I  have  an  imme- 
diate cognizance  of  a  certain  flow  of  thoughts  and  feelings, 
which  are  the  most  ultimate  things— and,  indeed,  the  only 
things — of  which  I  am  cognizant.  But  if  I  contemplate 
Mind  in  other  persons  or  orjganisms,  I  can  have  no  such 
immediate  cognizance  of  their  thoughts  and  feelings ;  I  can 
only  infer  the  existence  of  such  thoughts  and  feelings  from 
the  activities  of  the  persons  or  organisms  which  appear  to 
manifest  them.  Thus  it  is  that  by  Mind  we  may  mean 
either  that  which  is  subjective  or  that  which  is  objective. 
Now  tluroughout  the  present  work  we  shall  have  to  consider 
Mind  83  an  object ;  and  therefore  it  is  well  to  remember  that 
our  only  instrument  of  analysis  is  the  observation  of  activities 

•  It  was  neceBsary  in  my  work  on  Animal  Intelligence  briefly  to  touch 
on  this  <]iue8tion  ;  therefore  the  parts  of  the  analysis  which  are  common  to 
the  two  works  I  shall  render  as  much  as  pobsible  in  the  same  words. 
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The  subject  of  our  enquiry  being  Mental  Evolution,  it  is 
desirable  to  begin  by  understanding  clearly  what  we  mean  by 
Mind  *  and  then  defining  the  conditions  under  which  known 
Mind  is  invariably  found  to  occur.  In  this  chapter,  therefore, 
I  shall  deal  with  what  I  take  to  be  the  Criterion  of  Mind, 
and  shall  then  pass  on  in  the  next  chapter  to  a  consideration 
of  the  objective  conditions  under  which  alone  Mind  is 
observed  to  exist 

It  is  obvious,  then,  to  start  with,  that  by  Mind  we  may 
mean  two  very  different  things,  according  as  we  contemplate 
it  in  our  own  individual  selves,  or  as  manifested  by  other 
beings.  For  if  I  contemplate  my  own  mind,  I  have  an  imme- 
diate cognizance  of  a  certain  flow  of  thoughts  and  feelings, 
which  are  the  most  ultimate  things — and,  indeed,  the  oidy 
things — of  which  I  am  cognizant.  But  if  I  contemplate 
Mind  in  other  persons  or  orjganisms,  I  can  have  no  such 
immediate  cognizance  of  their  thoughts  and  feelings ;  I  can 
only  infer  the  existence  of  such  thoughts  and  feelings  from 
the  activities  of  the  persons  or  organisms  which  appear  to 
manifest  them.  Thus  it  is  that  by  Mind  we  may  mean 
either  that  which  is  subjective  or  that  which  is  objective. 
Now  throughout  the  present  work  we  shall  have  to  consider 
Mind  as  an  object ;  and  therefore  it  is  well  to  remember  that 
our  only  instrument  of  analysis  is  the  observation  of  activities 

*  It  was  neoMwry  in  my  work  on  Animal  Intelligenoe  briefly  to  touo}i 
on  this  question  i  therefore  the  purta  of  the  analysis  which  are  common  to 
th«  two  works  I  shall  render  as  much  as  potsible  in  the  same  words. 
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which  we  infer  to  be  prompted  by,  or  associated  with,  mental 
antecedents  or  accompaniments  analogous  to  these  of  which 
we  are  directly  conscious  in  our  own  subjective  experience. 
That  is  to  say,  starting  from  what  I  know  subjectively  of  the 
operations  of  my  own  individual  mind,  and  of  the  activi- 
ties which  in  my  own  organism  these  operations  seem  to 
prompt,  I  proceed  by  analogy  to  infer  from  the  observable 
activities  displayed  by  other  organisms,  the  fact  that  certain 
mental  operations  underlie  or  accompany  these  activities. 

From  this  statement  of  the  case  it  will  be  apjjttrent  that 
our  knowledge  of  mental  activities  in  any  organism  other 
than  our  own  is  neither  subjective  nor  objective.  That  it  is 
not  subjective  I  need  not  wait  to  show.  That  it  is  not 
objective  may  be  rendered  obvious  by  a  few  moments'  reflec- 
tion. For  it  is  evident  that  mental  activities  in  other 
organisms  can  never  be  to  us  objects  of  direct  knowledge ;  as 
I  have  just  said,  we  can  only  infer  their  existence  from  the 
objective  sources  supplied  by  observable  activities  of  such 
organisms.  Therefore  all  our  knowledge  of  mental  activities 
other  than  our  own  really  consists  of  an  inferential  inter- 
pretation of  bodily  activities — this  interpretation  being 
founded  on  our  subjective  knowledge  of  our  own  mental 
activities.  By  inference  we  project,  as  it  were,  the  known 
patterns  of  our  own  mental  chromograph  on  what  is  to  us 
the  otherwise  blank  screen  of  another  mind ;  and  our  only 
knowledge  of  the  processes  there  taking  place  is  really  due 
to  such  a  projection  of  our  own  subjectively.  This  matter 
has  been  well  and  clearly  presented  by  the  late  Professor 
Clifford,  who  has  coined  the  exceedingly  appropriate  term 
eject  (in  contradistinction  to  mbject  and  object),  whereby  to 
designate  the  distinctive  character  of  a  mind  (or  mental  pro- 
cess) other  than  our  own  in  its  relation  to  our  own.  I  shall 
therefore  adopt  this  convenient  term,  and  speak  of  all  our 
possible  knowledge  of  other  minds  as  ejective. 

Now  in  this  necessarily  ejective  method  of  enquiry,  what 
is  the  kind  of  activities  that  we  are  entitled  to  regard  as 
indicative  of  Mind  ?  I  certainly  do  not  so  regard  the  flowing 
of  a  river  or  the  blowing  of  a  wind.  Why  ?  First,  because 
the  subjects  are  too  remote  in  kind  from  my  own  organism  to 
admit  of  my  drawing  any  reasonable  analogy  between  them 
and  it;  and,  secondly,  because  the  activities  which  they 
present  are  invariably  of  the  same  kind  under  the  same  cir- 
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cumstances :  they  therefore  offer  no  evidence  of  that  which  I 
deem  the  distinctive  character  of  my  own  mind  as  auch — 
Consciousness.  In  other  words,  two  conditions  require  to  be 
satisfied  before  we  even  begin  to  imagine  that  observable 
activities  are  indicative  of  mind ;  the  activities  must  be  dis- 
played by  a  living  organism,  and  they  must  be  of  a  kind  to 
suggest  the  presence  of  consciousness.  What  then  is  to 
be  taken  as  the  criterion  of  consciousness  ?  Subjectively,  no 
criterion  is  either  needful  or  possible ;  for  to  me,  individually, 
nothing  can  be  more  ultimate  than  my  own  consciousness, 
and,  therefore,  my  consciousness  cannot  admit  of  any  criterion 
having  a  claim  to  a  higher  certainty.  But,  ejectively,  some 
such  criterion  is  required,  and  as  my  consciousness  cannot 
come  within  the  territory  of  a  foreign  consciousness,  I  can 
only  appreciate  the  latter  through  the  agency  of  ambassadors 
— these  ambassadors  being,  as  I  have  now  so  frequently  said, 
the  observable  activities  of  an  organism.  The  next  question, 
therefore,  is,  What  activities  of  an  organism  are  to  be  taken 
as  indicative  of  consciousness  ?  The  answer  that  comes  most 
readily  is, — All  activities  that  are  indicative  of  Choice; 
wherever  we  see  a  living  organism  apparently  exerting  inten- 
tional choice,  we  may  infer  that  it  is  conscious  choice,  and, 
therefore)  that  the  organism  has  a  mind.  But  physiology 
shows  that  this  answer  will  not  do ;  for,  while  not  disputing 
whether  there  is  any  mind  without  the  power  of  conscious 
choice,  physiology,  as  we  shall  see  in  the  next  chapter,  is  very 
firm  in  denying  that  all  apparent  choice  is  due  to  mind.  The 
host  of  reflex  actions  is  arrayed  against  the  proposition,  and, 
in  view  of  such  non-mental,  though  apparently  intentional 
adjustments,  we  find  the  necessity  for  some  test  of  the  choice- 
element  as  real  or  fictitious.  The  only  test  we  have  is  to  ask 
whether  the  adjustments  displayed  are  invariably  the  same 
under  the  same  circumstances  of  stimulation.  The  only  dis- 
tinction between  adjustive  movements  due  to  reflex  action, 
and  adjustive  movements  accompanied  by  mental  perception, 
consists  in  the  former  depending  on  innerited  mechanisms 
within  the  nervous  system  being  so  constructed  as  to  effect 
particular  adjustive  movements  in  response  to  particular 
stimulations,  while  the  latter  are  independent  of  any  such 
inherited  adjustment  of  special  mechanisms  to  the  exigencies 
of  special  circumstances.  Keflex  actions,  under  the  influence 
of  their  appropriate  stimuli,  may  be  compai-ed  to  the  actions 
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of  a  machine  under  the  manipulations  of  an  operator :  when 
certain  springs  of  action  are  touched  by  certain  stimuli,  the 
whole  machine  is  thrown  into  appropriate  action ;  there  is  no 
room  for  choice,  there  is  no  room  for  uncertainty ;  but,  as 
surely  as  any  of  these  inherited  mechanisms  is  affected  by 
the  stimulus  with  reference  to  which  it  has  been  constructed 
to  act,  so  surely  will  it  act  in  precisely  the  same  way  as  it 
always  has  acted.  But  the  case  with  conscious  mental  adjust- 
ment is  quite  different.  For,  without  going  into  the  question 
concerning  the  relation  of  Body  and  Mind,  or  waiting  to  ask 
whether  cases  of  mental  adjustment  are  not  really  quite  as 
Tnechanical  in  the  sense  of  being  the  necessary  result  or 
correlative  of  a  chain  of  psychical  sequences  due  to  a  physical 
stimulation,  it  is  enough  to  point  to  the  variable  and  incalcu- 
lable character  of  mental  adjustments  as  distinguished  from 
the  constant  and  foreseeable  character  of  reflex  adjustments. 
All,  in  fact,  that  in  an  objective  sense  we  can  mean  by  a 
mental  adjustment,  is  an  adjustment  of  a  kind  that  has  not 
been  definitely  fixed  by  heredity  as  the  only  adjustment 
possible  in  the  given  circumstances  of  stimulation.  For,  were 
there  no  alternative  of  adjustment,  the  case,  in  an  animal  at 
least,  would  be  indistinguishable  from  one  of  reflex  action. 

It  is,  then  adaptive  action  by  a  living  organism  in  cases 
where  the  i'^.nerited  machinery  of  the  nervous  system  does 
not  furnish  data  for  our  prevision  of  what  the  adaptive  action 
must  necessarily  be — it  is  only  in  such  cases  that  we  recog- 
nize the  element  of  mind.  In  other  words,  ejectively  con- 
sidered, the  distinctive  element  of  mind  is  consciousness,  the 
test  of  consciousness  is  the  presence  of  choice,  and  the 
evidence  of  choice  is  the  antecedent  uncertainty  of  adjustive 
action  between  two  or  more  alternatives.  To  this  analysis  it 
is,  however,  needful  to  add  that,  although  our  only  criterion 
of  mind  is  antecedent  uncertainty  of  adjustive  action,  it  does 
not  follow  that  all  adjustive  action  in  which  mind  is  con- 
cerned should  be  of  an  antecedently  uncertain  character ;  or, 
which  is  the  same  thing,  that  because  some  such  action  may 
be  of  an  antecedently  certain  character,  we  should  on  this 
account  regard  it  as  non-mental.  Many  adjustive  actions 
which  we  recognize  as  mental  are,  nevertheless,  seen  before- 
hand to  be,  under  the  given  circumstances,  inevitable ;  but 
analysis  would  show  that  such  is  only  the  case  when  we  have 
in  view  agents  whom  we  already,  and  from  independent 
evidence,  regard  as  mental. 
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In  positing  the  evidence  of  Choice  as  my  objective  (or 
ejective)  criterion  of  Mind,  I  do  not  think  it  necessary  to 
enter  into  any  elaborate  analysis  of  what  constitutes  this 
evidence.  In  a  subsequent  chapter  I  shall  treat  fully  of 
what  I  call  the  physiology  or  objective  aspect  of  choice ;  and 
then  it  will  be  seen  that  from  the  gradual  manner  in  which 
choice,  or  the  mind-element,  arises,  it  is  not  practically 
possible  to  draw  a  definite  line  of  demarcation  between 
choosing  and  non-choosing  agents.  Therefore,  at  this  stage 
of  the  enquiry  I  prefer  to  rest  in  the  ordinary  acceptation  of 
the  term,  as  implying  a  distinction  which  common  sense  has 
always  drawn,  and  probably  always  will  draw,  between  mental 
and  non-mental  agents.  It  cannot  be  correctly  said  that  a 
river  chooses  the  course  of  its  flow,  or  that  the  earth  chooses 
an  ellipse  wherein  to  revolve  round  the  sun.  And  similarly, 
however  complex  the  operations  may  be  of  an  agent  recog- 
nized as  non-mental — such,  for  instance,  as  those  of  a  calcu- 
lating machine— or  however  impossible  it  may  be  to  predict 
the  result  of  its  actions,  we  never  say  that  such  operations  or 
actions  are  due  to  choice ;  we  reserve  this  term  for  operations 
or  actions,  however  simple  and  however  easily  the  result  may 
be  foreseen,  which  are  performed,  either  by  agents  who  in 
virtue  of  the  non-mechanical  nature  of  these  actions  prove 
themselves  to  be  mental,  or  by  agents  already  recognized  as 
mental — i.e.,  by  agents  who  have  already  proved  themselves 
to  be  mental  by  performing  other  actions  of  such  a  non- 
mechanical  or  unforeseeable  nature  as  we  feel  assured  can 
only  be  attributed  to  choice.  And  there  can  be  no  reasonable 
doubt  that  this  common-sense  distinction  between  choosing 
and  non-choosing  agents  is  a  valid  one.  Although  it  may  be 
difficult  or  impossible,  in  particular  cases,  to  decide  to  which 
of  the  two  categories  this  or  that  being  should  be  assigned, 
this  difficulty  does  not  affect  the  validity  of  the  classification 
— any  more,  for  instance,  than  the  difficulty  of  deciding 
whether  Limulus  should  be  classified  with  the  crabs  or  witli 
the  scorpions  affects  the  validity  of  the  classification  which 
marks  off  the  group  Crustacea  from  the  group  Arachnida. 
The  point  is  that,  notwithstanding  special  difficulties  in 
assigning  this  or  that  being  to  one  or  the  other  class,  the 
psychological  classification  which  I  advocate  resembles 
the  zoological  classification  which  I  have  cited  ;  it  is  a  valid 
classification,  inasmuch  as  it  recognizes  a  distinction  where 
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there  is  certainly  something  to  distinguish.  For  even  if  we 
take  the  most  mechanical  view  of  mental  processes  that  is 
possible,  and  suppose  that  conscious  intelligence  plays  no 
part  whatever  in  determining  action,  there  still  remains  the 
fact  that  such  conscious  intelligence  exists,  and  that  prior  to 
certain  actions  it  is  always  affected  in  certain  ways.  There- 
fore, even  if  we  suppose  that  the  state  of  things  is,  so  to 
speak,  accidental,  and  that  the  actions  in  question  would 
always  be  performed  in  precisely  the  same  way  whether  or 
not  they  were  thus  connected  with  consciousness,  it  would 
still  remain  desirable,  for  scientific  purposes,  that  a  marked 
distinction  should  be  drawn  between  cases  of  activity  that 
proceed  without,  and  those  that  proceed  with  this  remarkable 
association  with  consciousness.  As  the  phenomena  of  sub- 
jectivity are  facts  at  any  rate  no  less  real  than  those  of 
objectivity,  if  it  is  found  that  some  of  the  latter  are  invariably 
and  faithfully  mirrored  in  those  of  the  former,  such  pheno- 
mena, for  this  reason  alone,  deserve  to  be  placed  in  a  distinct 
scientific  category,  even  though  it  were  proved  that  the  mirror 
of  subjectivity  might  be  removed  without  affecting  any  of  the 
phenomena  of  objectivity. 

Without,  therefore,  entertaining  the  question  as  to  the 
connexion  between  Body  and  Mind,  it  is  enough  to  say  that 
under  any  view  concerning  the  nature  of  this  connexion,  we 
are  justified  in  drawing  a  distinction  between  activities  which 
are  accompanied  by  feelings,  and  activities  which,  so  far  as 
we  can  see,  are  not  so  accompanied.  If  this  is  allowed,  there 
seems  to  be  no  term  better  fitted  to  convey  the  distinction 
than  the  term  Choice ;  agents  that  are  able  to  choose  their 
actions  are  agents  that  are  able  to  feel  the  stimuli  which 
determine  the  choice. 

Such  being  our  Criterion  of  Mind,  it  admits  of  being 
otherwise  stated,  and  in  a  more  practically  applicable  manner, 
in  the  following  words  which  I  quote  from  "  Animal  Intelli- 
gence :" — "  It  is,  then,  adaptive  action  by  a  living  organism 
in  cases  where  the  inherited  machinery  of  the  nervous  system 
does  not  furnish  data  for  our  prevision  of  what  the  adaptive 
action  must  necessarily  be — it  is  only  here  that  we  recognize 
the  objective  evidence  of  mind.  The  criterion  of  mind, 
therefore,  which  I  propose,  and  to  which  I  shall  adhere 
throughout  the  present  volume,  is  as  follows: — Does  the 
organism  learn  to  make  new  ac^ustments,  or  to  modify  old 
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ones,  in  accordance  with  the  results  of  its  own  indi^ddual 
experience  ?  If  it  does  so,  the  fact  cannot  be  merely  due  to 
reflex  action  in  the  sense  above  described ;  for  it  is  impossible 
that  heredity  can  have  provided  in  advance  for  innovations 
upon  or  alterations  of  its  machinery  during  the  lifetime  of  a 
particular  individual" 

Two  points   have  to  be  observed  with  regard  to  thi^ 
criterion,  in  whichever  verbal  form  we  may  choose  to  express 
it.    The  first  is  tJiat  it  is  not  rigidly  exclusive  either,  on  the 
one  hand,  of  a  possibly  mental  character  in  apparently  non- 
mental  adjustments,  or,  conversely,  of  a  possibly  non-mental 
character  in  apparently  mental  adjustments.    For  it  is  certain 
that  failure  to  learn  by  individual  experience  is  not  always 
conclusive  evidence  against  the  existence  of  mind;    such 
failure  may  arise  merely  from  an  imperfection  of  memory,  or 
from  there  not  being  enough  of  the  mind-element  present  to 
make  the  adjustments  needful  to  meet  the  novel  circum- 
stances.   Conversely,  it  is  no  less  certain  that  some  parts  of 
our  own  nervous  system,  which  are  not  concerned  in  the 
phenomena  of  consciousness,  are  nevertheless  able  in  some 
measure  to  learn  by  individual  experience.     The  nervous 
apparatus  of  the  stomach,  for  instance,  is  able  in  so  con- 
siderable a  degree  to  adapt  the  movements  of  that  organ  to 
the  requirements  of  its  individual  experience,  that  were  the 
organ  an  organism  we  might  be  in  danger  of  regarding  it  as 
dimly  intelligent.    Still  there  is  no  evidence  to  show  that 
non-mental  agents  are  ever  able  in  any  considerable  measure 
thus  to  simulate  the  adjustments  performed  by  mental  ones  ; 
and  therefore  our  criterion,  in  its  practical  application,  has 
rather  to  be  guarded  against  the  opposite  danger  of  denying 
the  presence  of  mind  to  agents  that  are  really  mental.    For, 
as  I  observed  in  "  Animal  Intelligence,"  "  it  is  clear  that  long 
before  mind  has  advanced  sufficiently  far  in  the  scale  of 
development  to  become  amenable  to  the  test  in  question,  it 
has  probably  begun  to  dawn  as  nascent  subjectivity.     In 
other  words,  because  a  lowly  organized  animal  does  not  learn 
by  its  own  individual  experience,  we  may  not  therefore  con- 
clude that  in  performing  its  natural  or  ancestral  adaptations 
to  appropiate  stimuli,  consciousness,  or  the  mind-element,  is 
wholly  absent ;  we  can  only  say  that  this  element,  if  present, 
reveals  no  evidence  of  the  fact.    But,  on  the  other  hand,  if  a 
lowly  organized  animal  docs  learn  by  its  own  individual 
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experience,  we  are  in  possession  of  the  best  available  evi- 
dence of  conscious  memory  leading  to  intentional  adaptation. 
Therefore,  our  criterion  applies  to  the  upper  limit  of  non- 
mental  action,  not  to  the  lower  limit  of  mental." 

Or,  again  adopting  the  convenient  terminology  of  Clitford, 
we  must  always  remember  that  we  can  never  know  the  mental 
states  of  any  mental  beings  other  than  ourselves  as  objects ; 
we  can  only  know  them  as  ejects,  or  as  ideal  projections  of  our 
own  mental  states.  And  it  is  from  this  broad  fact  of  psycho- 
logy that  the  difficulty  arises  in  applying  our  criterion  of 
mind  to  particular  cases — especially  among  the  lower  animals. 
For  if  the  evidence  of  mind,  or  of  being  capable  of  choice, 
must  thus  always  be  ejective  as  distinguished  from  objective, 
it  is  clear  that  the  cogency  of  the  evidence  must  diminish  as 
we  recede  from  minds  inferred  to  be  like  our  own,  towards 
minds  inferred  to  be  not  so  like  our  own,  passing  in  a  gradual 
series  into  not-minds.  Or,  otherwise  stated,  although  the 
evidence  derived  from  ejects  is  practically  regarded  as  good 
in  the  case  of  mental  organizations  inferred  to  be  closely 
analogous  to  our  own,  this  evidence  clearly  ceases  to  be  trust- 
worthy in  the  ratio  in  which  the  analogy  fails ;  so  that  when 
we  come  to  the  case  of  very  low  animals — where  the  analogy 
is  least — we  feel  uncertain  whether  or  not  to  ascribe  to  them 
any  ejective  existence.  But  I  must  again  insist  that  this 
iact — which  springs  immediately  out  of  the  fundamental 
isolation  of  the  individual  mind — is  no  argument  against  my 
criterion  of  mind  as  the  best  criterion  available ;  it  tends, 
indeed,  to  show  that  no  better  criterion  can  be  found,  for  it 
shows  the  hopelessness  of  seeking  such. 

The  other  point  which  has  to  be  noted  with  regard  to  this 
criterion  is  as  follows.  I  again  quote  from  "  Animal  Intelli- 
gence :" — 

"  Of  course  to  the  sceptic  this  criterion  may  appear  un- 
satisfactory, since  it  depends,  not  on  direct  knowledge,  but 
on  inference.  Here,  however,  it  seems  enough  to  point  out, 
as  already  observed,  that  it  is  the  best  criterion  available ; 
and,  further,  that  scepticism  of  this  kind  is  logically  bound 
to  deny  evidence  of  mind,  not  only  in  the  case  of  the  lower 
animals,  but  also  in  that  of  the  higher,  and  even  in  that  of 
men  other  than  the  sceptic  himself.  For  all  objections  which 
could  apply  to  the  use  of  this  criterion  of  mind  in  the  animal 
kingdom,  would  apply  with  equal  force  to  the  evidence  of  any 
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mind  other  than  that  of  the  individual  objector.  This  is 
obvious,  because,  as  I  have  already  observed,  the  only  evi- 
dence we  can  have  of  objective  mind  is  that  which  is 
furnished  by  objective  activities  ;  and,  as  the  subjective  mind 
can  never  become  assimilated  with  the  objective  so  as  to  learn 
by  direct  feeling  the  mental  processes  which  there  accompany 
the  objective  activities,  it  is  clearly  impossible  to  satisfy  any 
one  who  may  choose  to  doubt  the  validity  of  inference,  that 
in  any  case,  other  than  his  own,  mental  processes  ever  do 
accompany  objective  activities. 

"  Thus  it  is  that  philosophy  can  supply  no  demonstrative 
refutation  of  idealism,  even  of  the  most  extravagant  form. 
Common-sense,  however,  universally  feels  that  analogy  is 
here  a  safer  guide  to  truth  than  the  sceptical  demand  for 
impossible  evidence;  so  that  if  the  objective  existence  of 
other  organisms  and  their  activities  is  granted — without 
which  postulate  comparative  psychology,  like  all  the  other 
sciences,  would  be  an  unsubstantial  dream— common  sense 
will  always  and  without  question  conclude  that  the  activities 
of  organisms  other  than  our  own,  when  analogous  to  those 
activities  of  our  own  which  we  know  to  be  accompanied  by 
certain  mental  states,  are  in  them  accompanied  by  analogous 
mental  states." 
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Having  thus  arrived  at  the  best  available  Criterion  of  Mind 
considered  as  an  eject,  we  have  now  to  pass  on  to  the  topic 
which  has  already  been  propounded,  viz.,  to  a  consideration 
of  the  objective  conditions  under  which  known  mind  is  in- 
variably found  to  occur. 

Mind,  then,  so  far  as  human  experience  extends,  is  only 
certainly  known  to  occur  in  association  with  living  organisms, 
and,  still  more  particularly,  in  association  with  a  peculiar 
kind  of  tissue  which  does  not  occur  in  all  organisms,  and  even 
'in  those  in  which  it  does  occur  never  constitutes  more  than 
an  exceedingly  small  percentage  of  their  bulk.  This  peculiar 
tissue,  so  sparingly  distributed  through  the  animal  kingdom, 
and  presenting  the  unique  characteristic  of  being  associated 
with  mind,  is,  of  course,  the  nervous  tissue.  It  therefore 
devolves  upon  us,  first  of  all,,  to  contemplate  the  structure 
and  the  functions  of  this  tissue,  as  far  as  it  is  needful  for  the 
purposes  of  our  subsequent  discussion  that  these  should  be 
clearly  understood. 

Throughout  the  animal  kingdom  nerve-tissue  is  invariably 
present  in  all  species  whose  zoological  position  is  not  below 
that  of  the  Hydrozoa.  The  lowest  animals  in  which  it  has 
hitherto  been  detected  are  the  Medusee,  or  jelly-fishes,  and 
from  them  upwards  its  occurrence  is,  as  I  have  said,  invari- 
able. Wherever  it  does  occur  its  fundamental  structure  is 
very  much  the  same,  so  that  whether  we  meet  with  nerve- 
tissue  in  a  jelly-fish,  an  oyster,  an  insect,  a  bird,  or  a  man, 
we  have  no  difBculty  in  recognizing  its  structural  units  as 
everywhere  more  or  less  similar.  These  structural  units  are 
microscopical  cells  and  microscopical  fibres.    (Figs.  1,  2.) 

The  fibres  proceed  to  and  from  the  cells,  so  serving  to 
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I'm.  1. — ^Motor  Nerve  Celh  connected  by 
intercelliilar  procesBes  (b,  b),  and  gifdng 
origin  to  outgoing  fibres  (c,  c,  c,  and  a). 
4.  Multipolar  ceU  containing  much  pig- 
ment around  nucleus.  Diagrammatic. 
(Vogt.) 


Fio.  2.— Multipolar  Oanglion  Cell  from 
anterior  grey  matter  of  Spinal  Cord 
of  Ox.  a.  Axis  cylinder  process ;  b, 
branobed  processes,  magnified  150  dia- 
meters.   (Deiters.) 


connect  the  cells  with  one  another,  and  also  with  distant 
parts  of  the  animal  body.  The  function  of  the  fibres  is  that 
of  conducting  stimuli  or  impressions  (represented  by  mole- 
cular or  invisible  movements)  to  and  from  the  nerve-cells, 
while  the  function  of  the  cells  is  that  of  originating  those  of 
the  impressions  which  are  conducted  by  the  fibres  outwards. 
Those  of  the  impressions  which  are  conducted  by  the  fibres 
inwards,  or  towards  the  cells,  are  originated  by  stimuli  afifecting 
the  nerve-fibre  in  any  port  of  its  length ;  such  stimuli  may 
be  contact  with  oth^  bodies  or  pressure  arising  therefrom 
(mechanical  stimuli),  sudden  elevations  of  temperature  (ther- 
mal stimuli),  molecular  changes  in  the  nerve-substance  pro- 
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duced  by  irritants  (chemical  stimuli),  eflfects  of  electrical 
disturbance  (electrical  stimuli),  or  lastly,  the  passage  of  a 
molecular  disturbance  from  any  other  nerve-fibre  with  which 
the  one  in  question  may  be  connected. 

Nerve-cells  are  usually  found  collected  together  in  aggre- 
gates, which  are  called  ganglia,  to  and  from  which  large 
bundles  of  nerve-fibres  come  and  go.  These  rope-like 
clusters  of  nerve-fibres  constitute  the  white  threads  and 
strings  which  we  recognize  as  nerves  when  we  dissect  an 
animal.  (See  Fig.  3.)  The  relation  of  the  clusters  of 
fibres  to  the  cluster  of  cells  is  now  such  as  to  supply  the 
anatomical  condition  to  the  performance  of  a  physiological 


Fia. 


3. — Small  Sympathetic  Ganglion  (human)  with  Multipolar 
Cells.    Magnified  about  4(X)  diameters.     (Leydig.) 


process,  which  is  termed  Reflex  Action.  If  we  suppose  the 
left-hand  bundle  of  fibres  represented  in  the  woodcut  to  be 
prolonged  and  to  terminate  in  a  sensory  surface,  while 
the  other  three  bundles,  when  likewise  prolonged,  terminate 
in  a  group  of  muscles,  then  a  stimulus  falhng  upon  the 
sensory  surface  would  cause  a  molecular  disturbance  to  travel 
along  the  left-hand  or  in-going  nerve  to  the  ganglion;  on 
reaching  the  ganglion  this  disturbance  would  cause  the 
ganglion  to  discharge  its  influence  into  the  right-hand  or  out- 
going nerves,  which  would  then  conduct  this  disturbance  into 
the  group  of  muscles  and  cause  them  to  contract.  This  pro- 
cess is  called  reflex  action,  because  the  original  stimulus 
falling  upon  the  sensory  surface  does  not  pass  in  a  direct  line 


I 


THE  STRUCTURE  AND  FUNCTIONS  OF  NERVE-TISSUE.       27 


to  its  destination  in  the  muscles,  but  passes  first  to  the 
ganglion,  and  is  thence  reflected  from  the  sensory  surface  to 
the  muscles.*  This,  which  at  first  sight  appears  a  round- 
about or  cumbrous  sort  of  process,  is  really  the  most  economic 
that  is  available.  For  we  must  remember  the  enormous 
number  and  complexity  of  the  stimuli  to  which  all  the  higher 
animals  are  perpetually  exposed,  and  the  consequent  neces- 
sity that  arises  for  there  being  some  system  of  co-ordination 
whereby  these  innumerable  stimuli  shall  be  suitably  responded 
to.  And  such  a  system  of  co-ordination  is  rendered  possible, 
and  actually  realized,  through  this  principle  of  reflex  action. 
For  the  animal  body  is  so  arranged  that  the  innumerable 
nerve-centres,  or  ganglia,  are  all  more  or  less  in  communica- 
tion one  with  another,  and  so  receive  messages  from  all  parts 
of  the  body,  to  which  they  respond  by  sending  appropriate 
messages  down  the  nerve-trunks  supplying  the  particular 
groups  of  muscles  which  under  the  given  circumstances  it  is 
desirable  to  throw  into  contraction.  In  other  words,  when  a 
stimulus  falls  upon  the  external  surface  of  an  animal,  it  is 
not  diffused  in  a  general  way  throughout  the  whole  body  of 
the  animal,  so  causing  general  and  aimless  contractions  of  all 
the  muscles ;  but  it  passes  at  once  to  a  nerve-centre,  and  is 
there  centralized;  the  stimulus  is  dealt  with  in  a  manner 
which  leads  to  an  appropriate  response  of  the  organism  to 
that  stimulus.  For  the  nerve-centres  which  receive  the 
stimulus  only  reflect  it  to  those  particular  muscle-groups 
which  it  is  desirable  for  the  organism,  under  the  circumstances, 
to  throw  into  action.  Thus,  to  take  an  example,  when  a 
small  foreign  body,  such  as  a  crumb  of  bread,  lodges  in  the 
windpipe,  the  stimulus  which  it  there  causes  is  immediately 
conveyed  to  a  nerve-centre  in  the  spinal  cord,  and  this  nerve- 
centre  then  originates,  by  reflex  action,  a  highly  complicated 
series  of  muscular  movements  which  we  call  coughing,  and 
which  clearly  have  for  their  very  special  object  the  expul- 
sion of  the  foreign  body  from  a  position  of  danger  to  the 
organism.  Now  it  is  obvious  that  so  complicated  a  series 
of  muscular  movements  could  not  be  performed  in  the 
absence  of  a  centralizing  mechanism ;  and  this  is  only  one 
instance  among  hundreds  of  others  that  might  be  adduced  of 

^  •  The  term,  however,  is  not  a  happy  one,  because  the  prooeM  is  some- 
thing  more  than  the  reflection  of  the  original  stimulus  or  molecular  disturb* 
ance ;  the  ganglion  adds  a  new  disturbance. 
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the  co-ordinating  power  which  is  secured  by  this  principle  of 
reflex  action. 

Of  course  we  may  wonder  how  it  is  that  the  nerve-centres, 
which  preside  over  reflex  action,  not  being  endowed  with 
consciousness,  know  what  to  do  with  the  stimuli  which  they 
receive.  The  explanation  of  this,  however,  is  that  the  ana- 
tomical arrangement  of  ganglion  and  nerves  in  any  particular 
case  is  such  as  to  leave  no  choice  or  alternative  of  action,  if 
the  apparatus  is  called  into  action  at  all.  Thus,  to  begin  at 
the  bottom  of  the  series,  in  the  Medusse  the  simple  ganglia 
are  distributed  all  round  the  margin  of  the  animal,  and 
respond  by  reflex  action  to  the  stimuli  which  are  applied  at 
any  other  part  of  the  surface.  This  has  the  effect  of  increas- 
ing the  rate  and  the  strength  of  the  swimming-movements, 
and  so  of  enabling  the  animal  to  escape  from  the  source  of 
danger.  Now,  although  this  is  a  true  reflex  action,  and  has 
an  obvious  purpose  to  serve,  it  does  not  involve  any  co-ordi- 
nation of  muscular  movements.  For  the  anatomical  plan  of 
a  jelly-fish  is  so  simple,  that  all  the  muscular  tissue  in  the 
body  is  spread  out  in  the  form  of  one  continuous  sheet ;  so 
that  the  only  function  which  the  marginal  ganglia  have  to 
perform  when  they  are  stimulated  into  reflex  action,  is  that 
of  throwing  into  contraction  one  continuous  sheet  of  muscular 
tissue. 

Hence  we  may  infer  that  in  its  earliest  stages  reflex  action 
is  nothing  more  than  a  promiscuous  discharge  of  nervous 
energy  by  nerve-cells,  when  they  are  excited  by  a  stimulus 
passing  into  them  from  their  attached  nerve-fibres.*  But  as 
animals  become  more  highly  organized,  and  distinct  muscles 
are  by  degrees  set  apart  for  the  performance  of  distinct  actions, 
we  can  readily  understand  how  particular  nerve-centres  are 
likewise  by  degrees  set  apart  to  preside  over  these  distinct 
actions ;  the  nervous  centres  then  perform  the  part  of  trig- 
gers to  the  particular  muscular  mechanisms  over  which  they 
p»reside — triggers  which  can  only  be  loosened  by  the  recep- 
tion of  stimuli  along  their  own  particular  lines  of  communi- 
cation, or  nerves.  Thus,  for  instance,  in  the  star-  fish — animals 
which  are  somewhat  higher  in  the  zoological  scale  than  the 
jelly-fish,  and  which  have  a  more  highly  developed  neuro- 
muscular system — the  ganglia  are  arranged  in  a  ring  round 

*  For  a  full  Moount  of  reflex  action  in  MeduBc,  tee  PM.  TVaiw.,  Croom'am 
Lietitra,  1876 1  alio  Phil.  Tra»9.,  Ib77  and  1880. 
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the  bases  of  the  five  rays,  into  which  they  send,  and  from 
which  they  receive,  nerve-fibres;  the  ganglia  are  likewise 
connected  with  one  another  by  a  pentagonal  ring  of  fibres. 
Now  experiment  shows  that  in  this  simple,  and  indeed  geo- 
metrical plan  of  a  nervous  system,  the  constituent  parts  are 
able,  when  isolated  by  section,  to  preside  over  the  movements 
of  their  respective  muscles ;  for  if  a  single  ray  be  cut  off  at 
its  base,  it  will  behave  in  all  respects  just  like  the  entire  star- 
fish— crawling  away  from  injury,  towards  light,  up  perpen- 
dicular surfaces,  and  righting  itself  when  turned  upon  its 
back.  That  is  to  say,  the  single  nerve-centre  at  the  base  of 
a  single  separated  ray  is  able  to  do  for  that  ray  what  the 
entire  pentagonal  ring,  or  central  nervous  system,  is  able  to 
do  for  the  entire  animal ;  it  is  for  that  ray  the  trigger  which, 
when  touched  by  the  advent  of  a  stimulus,  throws  the  mus- 
cular mechanism  into  appropriate  action.  Thus  it  is  evident 
that  each  of  the  five  nerve-centres  stands  in  such  anatomical 
relation  to  the  muscles  of  its  own  ray,  that  when  certain 
stimuli  fall  upon  the  ray,  the  process  of  reflex  action  leaves 
no  choice  of  response.  The  beauty  and  delicacy  of  this 
mechanism  is  shown  when  in  the  unmutilated  animal  all  the 
nerve-centres  are  in  communication  as  one  compound  nerve- 
centre.  For  now,  if  one  ray  is  irritated,  all  the  rays  will 
co-operate  in  making  the  animal  crawl  away  from  the  source 
of  irritation;  if  two  opposite  rays  are  simultaneously  irri- 
tated, uhe  star-fish  will  crawl  away  in  a  direction  at  right 
angles  to  an  imaginary  line  joining  the  two  points  of  irrita- 
tion. And,  more  prettily  still,  in  the  globular  Echinus,  or 
sea-urchin  (which  is,  anatomically  considered,  a  star-fish 
whose  five  rays  have  become  doubled  over  in  the  form  of  an 
orange,  soldered  together  and  calcareous  so  as  to  make  a 
rigid  box),  if  two  equal  stimuli  be  applied  simultaneously  at 
any  two  points  of  the  globe,  the  direction  of  escape  will  be 
the  diagonal  between  them ;  if  a  number  of  points  be  simul- 
taneously irritated,  one  effect  neutralizes  the  other,  and  the 
animal  rotates  upon  its  vortical  axis ;  if  a  continuous  zone  of 
injury  be  made  all  the  way  round  the  equator,  the  same  thing 
happens;  but  if  the  zone  be  made  wider  at  one  hen  isphere 
than  the  other,  the  animal  will  crawl  away  from  the  greatest 
amount  of  injury.  So  that  in  the  Echinoderms  the  geometrical 
distribution  of  the  nervous  system  admits  of  our  making  ex- 
periments in  reflex  action  with  very    precise  quantitative 
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results;  we  can,  as  it  were,  play  upon  this  beautifully 
adjusted  mechanism,  so  as  to  produce  at  will  the  balancing  oi 
this  stimulus  against  that  one— the  results,  as  expressed  in 
the  movements  of  the  animal,  being  so  many  exemplifica- 
tions of  the  mechanical  principle  of  the  parallelogram  of 
forces.* 

As  we  proceed  through  the  animal  series  we  find  nervous 
systems  becoming  more  and  more  integrated ;  nerve-centres 
multiply,  become  larger,  and  serve  to  innervate  more  num'ons 
and  more  complex  groups  of  muscles.  It  is,  how(\  r  •  ■  >  ■  • 
less  for  me  to  devote  space  to  describing  this  aa\ance  of 
structure,  because  the  subject  is  one  belonging  to  compara- 
tive anatomy.  It  is  enough  to  say  that  everywhere  the 
nervous  machinery  is  so  arranged  that,  owing  to  the  ana- 
tomical plan  of  a  neiTC-centre  with  its  attached  nerves,  there 
is  no  alternative  of  action  presented  to  the  nerve-centre 
other  than  that  of  co-ordinating  the  group  of  muscles  over 
the  combined  contraction  of  which  it  presides.  The  next 
question,  therefore,  which  arises  is — How  are  we  to  explain 
the  fact  that  the  anatomical  plan  of  a  ganglion,  with  its 
attached  nerves,  comes  to  be  that  which  is  needed  to  direct 
the  nervous  tremours  into  the  particular  channels  required  ? 
The  following  is  the  theory  whereby  Mr.  Herbert  Spencer 
seeks  to  answer  this  question,  and  in  order  fully  to  under- 
stand it  we  must  begin  by  noticing  the  efiPects  of  stimulation 
upon  undifferentiated  protoplasm.  A  stimulus,  then,  applied 
to  homogeneous  protoplasm,  which  is  ever}  "here  contractile 
and  nowhere  presents  nerves,  has  the  effect  of  giving  rise  to 
a  visible  wave  of  contraction,  which  spreads  in  all  directions 
from  the  seat  of  stimulation  as  from  a  centre.  A  nerve,  on 
the  other  hand,  conducts  a  stimulus  without  undergoing  any 
contraction,  or  change  of  shape.  Nerves,  then,  are  func- 
tionally distinguished  from  undifferentiated  protoplasm  by 
the  property  of  conducting  invisible  or  molecular  waves  of 
stimulation  from  one  part  of  an  organism  to  another,  s*^' 
establishing  physiological  continuity  between  such  parts 
without  the  necessary  passage  of  visible  waves  of  contraction. 

Now,  beginning  with  the  case  of  undifferentiated  proto- 
plasm, Mr.  Spencer  starts  from  the  fact  that  'jvcjry  portion  of 
the  colloidal  mass  is  equally  excitable  and  c<i'^ally  contrao- 

*  For  a  full  oooount  of  theie  experimonti,  lee  Croonian  Leoturr.  Phil, 
Tram.,  1888. 
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tile.  But  soon  after  protoplasm  begins  to  assume  definite 
shapes,  recognized  by  us  as  specific  forms  of  life,  some  of  its 
parts  are  habitually  exposed  to  the  action  of  forces  different 
from  those  to  which  other  of  its  parts  are  exposed.  Conse- 
quently, as  protoplasm  continues  to  assume  more  and  more 
vaiied  forms,  in  some  cases  it  must  happen  that  parts  thus 
peculiarly  situated  with  reference  to  external  forces  will  be 
more  frequently  stimulated  to  contract  than  are  other  parts 
of  the  mass.  Now  in  such  cases  the  relative  frequency  with 
which  waves  of  stimulation  radiate  from  the  more  exposed 
parts,  will  probably  have  the  effect  of  creating  a  sort  of  polar 
arrangement  of  the  protoplasmic  molecules  lying  in  the  line 
through  which  these  waves  pass,  and  for  other  reasons  also 
will  tend  ever  more  and  more  to  convert  these  lines  into 
passages  offering  less  and  less  resistance  to  the  flow  of  such 
molecular  waves, — i.e.,  waves  of  stimulation  as  distinguished 
from  waves  of  contraction.  And  lastly,  when  lines  offering 
a  comparatively  low  resistance  to  the  passage  of  molecular 
impulses  have  thus  been  organically  established,  they  must 
then  continue  to  grow  more  and  more  definite  by  constant 
use,  until  eventually  they  become  the  habitual  channels  of 
communication  between  the  parts  of  the  contractile  mass 
through  which  they  pass.  Thus,  for  instance,  if  such  a  line 
has  been  established  between  the  points  A  and  B  of  a  con- 
tractile mass  of  protoplasm,  when  a  stimulus  falls  upon  A,  a 
molecular  wave  of  stimulation  will  course  through  that  line 
to  B,  so  causing  the  tissue  at  B  to  contract — and  this  even 
though  no  wave  of  contraction  has  passed  through  the  tissue 
from  A  to  B.  Such  is  a  very  meagre  epitome  of  Mr.  Spencer's 
theory,  the  most  vivid  conception  of  which  may  perhaps  be 
conveyed  in  a  few  words  by  employing  his  own  illustration, 
viz.,  that  just  as  water  continually  widens  and  deepens  the 
channel  through  which  it  flows,  so  molecular  waves  of  the 
kind  we  are  considering,  by  always  flowing  in  the  same 
tissue  tracts,  tend  ever  more  and  more  to  excavate  for  them- 
selves functionally  differentiated  lines  of  passage.  When 
such  a  line  of  passage  becomes  fully  developed,  it  is  a  nerve- 
fibre,  distinguishable  as  such  by  the  histologist ;  but  before  it 
arrives  at  this  its  completed  stage,  i.e.,  before  it  is  observable 
as  a  distinct  structure,  Mr.  Spencer  calls  it  a  "  line  of  dis- 
charge."* 

*  A  certain  amount  of  ezperimontal  verifloation  has  been  lent  to  thia 
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Such  being  the  manner  in  which  Mr.  Spencer  supposes 
nerve-fibres  to  be  evolved,  he  further  supposes  nerve-cells  to 
arise  in  positions  where  a  crossing  or  confluence  of  fibres 
gives  rise  ♦»  a  conflict  of  molecular  disturbances ;  but  it  is 
innnecessary  for  our  present  purposes  to  enter  upon  this  more 
ell  '"'-  nti  and  less  satisfactoiy  part  of  his  theory.*  All  I 
desv  iw  to  point  out  is  the  d  priori  probability  that 
nervou  channels  become  developed  where  they  are  required 
simply  from  the  fact  of  their  being  required — that  is  by  use. 

And  this  d  priori  probability  derives  so  much  confirma- 
tion from  facts  that  it  is  scarcely  possible  to  refrain  from 
accepting  it  as  an  answer  to  the  question  above  propounded, 
namely,  How  are  we  to  explain  the  fact  that  the  anatomical 
plan  of  a  ganglion  with  its  attached  nerves  comes  to  be  that 
which  is  needed  to  direct  the  nervous  tremours  into  the  par- 
ticular channels  required  ?  It  is  a  matter  of  daily  observa- 
tion that  "  practice  makes  perfect,"  and  this  only  means 
tha"*.  the  co-ordinations  of  muscular  movement  which  are 
presided  over  by  this  or  that  nerve-centre  admit  of  more 
ready  performance  the  more  frequently  they  have  been  pre- 
viously performed — which,  in  turn,  only  means  that  the  dis- 
charges taking  place  in  the  nerve-centre  travel  more  and 
more  readily  through  the  channels  or  nerve-fibres  which  are 
being  rendered  more  and  more  permeable  by  use.  So  much, 
indeed,  is  this  the  case,  that  when  an  associated  muscular 

theory  hj  mv  own  work  on  the  physiology  of  nerres  in  Meduse.  For  a  full 
Booount  of  tliis,  I  may  refer  to  a  lecture  published  in  the  Proceedinga  of  the 
Royal  Institution  for  1877i  on  "  Evolution  of  Nerves."  The  principal  facts 
•re  that  when  physiological  continuity  of  a  sheet  of  neuro-muscular  tissue  is 
interrupted  by  overlapping  or  spiral  sections,  so  that  the  passage  both  of 
visible  or  muscular  waves  of  contraction  and  invisible  or  molecular  waves  of 
stimulation  are  blocked,  after  a  long  succession  of  contraction  waves  are 
allowed  to  break  upon  the  shore  of  tne  physiological  interruption,  they  at 
last  begin  to  force  a  passage,  and  very  soon  this  passage  becomes  perfectly 
free,  so  that  neither  the  waves  of  contraction  nor  those  of  stimulation  are 
any  longer  hindered.  Whether  in  such  a  case  a  definite  nerve-fibre  is  de< 
veloped,  or  only  a  "  line  of  discharge,"  I  cannot  sav  ;  but  most  probably  the 
passage  is  effected  through  previously  existing  fibres  of  the  plexus  which 
Iteoome  more  functionally  developed  by  their  increase  of  activity. 

*  Less  satisfaotury,  not  only  because  more  speculative,  but  because  the 
whole  weight  of  embryological  and  histological  evidence  appears  to  me  to  be 
opposed  to  the  speculation.  For  the  whok  weight  of  this  evidence  goes  to 
•how  that  nerve-cells  are  the  result  of  the  speoiaiiiation  of  epithelial  or  epi- 
dermal cells— that  is,  that  they  arise,  not  out  of  undifferentiated  protoplasm, 
but  h^  wav  of  a  further  differentiation  of  a  particular  kind  of  already  dif- 
ferentiated tissue,  where  this  is  exposed  to  particular  kinds  of  stimulation. 


THE  STEUCTURE  AND  FUNCTIONS  OF  NERVE-TISSUE.       33 

movement  takes  place  with  sufficient  frequency,  it  cannot  by 
any  effort  of  the  will  become  again  dissociated ;  as  is  the  case, 
for  instance,  with  the  associated  movement  of  the  eyeballs, 
which  does  not  begin  to  obtain  till  some  days  after  birth,  but 
which  then  soon  becomes  as  closely  organized  as  any  of  the 
associated  movements  in  the  muscles  of  the  limbs.* 

And  if  this  is  the  case  even  in  the  life-time  of  individuals, 
we  can  scarcely  wonder  that  in  the  life-time  of  species  heredity 
with  natural  selection  should  still  more  completely  adapt  the 
anatomical  plan  of  ganglia,  with  their  attached  nerves,  to  the 
performance  of  the  most  useful — i.e.,  the  most  habitual — 
actions.  Thus  we  may  see  in  a  general  way  how  such  neiTons 
machinery  may  at  last  come  to  be  differentiated  into  specially 
distributed  anatomical  structures,  which,  on  account  of  their 
special  distribution,  are  adapted  to  minister  only  to  particular 
co-ordinations  of  muscular  movements.  That  is  to  say,  we 
are  thus  able  to  understand  the  rise  and  development  of 
Reflex  Action. 

*  Mr.  Darwin  called  my  attei.tion  to  the  following  passage  in  the  writings 
of  Lamarck  (PMl.  ZooL,  tom.  ii,  pp.  318-19)  : — "  Dans  toute  action,  le 
fluide  des  nerfs  qui  la  provoque,  subit  un  mouvement  de  d^placement  qui  y 
donne  lieu.  Or,  lorsque  cette  action  a  ^t^  plusieurs  fois  repetee,  il  n'est  pas 
doutoux  que  le  fluide  qui  I'a  ex^cutee,  ne  se  soit  fraye  une  route,  qui  lui 
deviant  alors  d'autant  plus  facile  h  parcourir,  qu'il  1  a  efFectivement  plus 
souvant  franchie,  et  qu'il  n'ait  lui-m6me  une  aptitude  plus  grand  k  suivre 
oette  route  fray^  que  oelles  qui  le  sont  moins." 
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CHAPTER  III. 


The  Physical  Basis  of  Mind. 
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We  have  already  taken  it  for  granted  that  Mind  has  a 
physical  basis  in  the  functions  of  the  nervous  system,  or  that 
every  mental  process  has  a  corresponding  equivalent  in  some 
neural  process.  I  shall  next  endeavour  to  show  how  precise 
this  equivalency  is. 

We  have  seen  that  ganglionic  action  consists  of  waves  of 
nervou'j  tremours  originating  in  the  cells,  coursing  along  the 
attached  fibres  to  other  cells,  and  there  arousing  fresh  impulses 
of  the  same  kind.  Moreover,  we  have  seen  that  this  coursing 
of  nervous  impulses  through  nervous  arcs  is  not,  as  it  were, 
promiscuous,  but  that,  owing  to  the  anatomical  plan  of  a 
ganglion,  it  takes  place  in  certain  determinate  directions,  so 
that  the  result,  when  expressed  in  muscular  movement,  shows 
the  function  of  a  ganglion  to  be  that  of  centralizing  nervous 
action,  or  of  directing  nervous  tremours  into  definite  channels. 
Lastly,  we  have  seen  that  this  directing  or  centralizing 
function  of  ganglia  has  probably  in  all  cases  been  due  to  the 
principle  of  use  combined  with  that  of  natural  selection. 
Now  it  is  known  from  experiments  on  the  lower  animals,  as 
well  as  from  the  effects  of  cerebral  disease  in  man,  that  the 
part  of  the  nervous  system  in  all  the  Vertebrata  which 
appears  to  be  exclusively  concerned  in  all  mental  operations, 
is  the  so-called  "  large  brain,"  or  cerebral  hemispheres.  This 
is  the  convoluted  part  of  the  brain  which  appears  imme- 
diately below  the  skull,  and  is  above  all  the  series  of  ganglia 
or  nerve-centres  which  occupy  the  rest  of  the  cerebro-spinal 
tract.  As  some  at  least  of  the  bewildering  multitude  of  cells 
and  fibres  which  constitute  the  cerebral  hemispheres  are  in 
connection  with  these  lower  ganglia,  there  is  no  doubt  that 
the  hemispheres  are  able  to  "  play  down  "  upon  these  ganglia 
as  upon  so  many  mechanisms,  whose  function  it  is  to  throw 
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this  and  that  group  of  muscles  into  action.  Much  light  is  at 
present  heing  thrown  upon  this  subject  by  the  researches  of 
Hitzig,  Fritsch,  Ferrier,  Goltz,  and  others ;  but  we  must  pass 
on  to  consider  that  function  of  these  great  nerve-centres  with 
which  we  shall  henceforth  be  exclusively  concerned,  the 
function,  namely,  of  being  associated  with  the  phenomena  of 
Mind. 

As  the  cerebral  hemispheres  pretty  closely  resembL  in 
their  intimate  structure  ganglia  in  general,  there  can  be  no 
reasonable  doubt  that  the  mode  of  their  operation  is  substan- 
tially the  same ;  and  as  such  operation  is  here  attended  with 
the  phenomena  of  subjectivity,  there  can  be  equally  little 
doubt  that  such  phenomena  must  constitute  a  sort  of  obverse 
reflection  of  ganglionic  action.  Looking,  then,  upon  this 
obverse  reflection,  can  we  detect  any  fundamental  principles 
of  mental  operation  which  may  reasonably  be  taken  to  corre- 
spond with  the  fundamental  principles  of  ganglionic  opera- 
tion? 

The  most  fundamental  principle  of  mental  operation  is 
that  of  memory,  foi*  this  is  the  conditio  sine  qud  non  of  all 
mental  life.  But  memory  on  its  obverse  side,  or  the  side  of 
physiology,  can  only  mean  that  a  nervous  discharge,  having 
once  taken  place  along  a  certain  route,  leaves  behind  it  a 
molecular  change,  more  or  less  permanent,  such  that  when 
another  discharge  afterwards  proceeds  along  the  same  route, 
it  finds,  as  it  were,  the  footprints  of  its  predecessor.  And 
this,  as  we  have  seen,  is  no  more  than  we  find  to  be  the  case 
with  ganglionic  action  in  general.  Even  long  before  move- 
ments involving  muscular  co-ordination  have  been  repeated 
with  sufficient  frequency  to  become  consolidated  into  one 
organized  and  indissoluble  act,  they  become,  in  virtue  of  the 
principle  which  I  have  termed  the  principle  of  use,  more  and 
more  easy  to  repeat ;  in  all  but  in  the  absence  of  a  mental 
constituent  the  nerve-centre  concerned  remembers  the  pre- 
vious occurrence  of  its  own  discharges ;  these  discharges  have 
left  behind  them  an  impress  upon  the  structure  of  the 
ganglion  just  the  same  in  kind  as  that  which,  when  it  has 
taken  place  in  the  structure  of  the  cerebral  hemispheres,  we 
recognize  on  its  obverse  side  as  an  impress  of  memory.  The 
analogy  is  much  too  close  to  be  attributed  to  accident,  for  it 
extends  into  all  details.  Thus,  a  ganglion  may  forget  its 
previous  activity  if  too  long  an  interval  is  allowed  to  elapse 
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between  the  repetitions  of  its  activity,  as  every  one  must 
know  who  is  in  the  habit  of  playing  on  a  musical  instrument, 
or  performing  any  other  actions  entailing  the  acquirement  of 
dexterity.  It  may  also  be  observed  that  when  such  is  the 
case  the  particular  activity  forgotten  by  the  ganglion  may  be 
more  easily  re-acquired  than  originally  it  was  acquired,  which 
is  just  what  we  find  to  be  the  case  with  mental  attainments. 

As  particular  illustrations  of  these  facts  I  may  state  two 
or  three  cases,  which  will  also  serve  to  show  of  how  little 
importance  (on  the  objective  side)  is  the  occurrence  of  con- 
sciousness to  the  memory  of  a  ganglion. 

Kobert  Houdin  early  in  life  practised  the  art  of  juggling 
with  balls  in  the  air,  and  after  a  month's  practice  was  able  to 
keep  four  balls  in  the  air  at  once.  His  neuro-muscular 
machinery  was  now  so  well  trained,  or  remembered  so  well 
how  to  perform  the  series  of  actions  required,  that  he  could 
afford  to  withdraw  his  attention  from  the  performance  to  the 
extent  of  reading  a  book  without  hesitation  while  keeping 
up  the  four  balls.  Thirty  years  afterwards,  on  trying  the 
same  experiment,  having  scarcely  once  handled  the  balls 
between  times,  he  found  that  he  could  still  read  with  ease 
^hile  keeping  up  three  balls ;  the  ganglia  concerned  had 
partly  forgotten  their  work,  but  on  the  whole  remembered  it 
wonderfully  well.  Again,  Lewes  gives  the  case  of  a  waiter 
asleep  at  a  coffee-house,  with  much  noise  of  talking  around 
him,  who  was  instantly  aroused  by  a  low  cry  of  "  Waiter ;" 
and  Dr.  Abercrombie  gives  the  case  of  a  man  who  had  long 
been  in  the  habit  of  taking  down  a  repeater  watch  from  the 
head  of  his  bed  to  make  it  strike  the  last  hour,  and  who 
was  observed  to  do  this  when  otherwise  apparently  uncon- 
scious from  a  fit  of  apoplexy.  But  perhaps  the  most  remark- 
able of  all  the  cases  that  can  be  adduced  are  the  most  familiar 
ones  of  walking  and  speaking.  When  we  remember  the 
immense  amount  of  neuro-muscular  co-ordination  that  is 
required  for  either  of  these  actions,  and  the  laborious  steps 
by  which  each  of  them  is  first  >acquired  in  early  childhood,  it 
j^  indeed  astonishing  that  in  after  life  they  come  to  be  per- 
formed without  thought  of  their  performance ;  the  ganglia 
concerned  have  fully  learned  their  work. 

So  much  for  memory.  But  memory  would  be  a  useless 
faculty  of  mind  if  it  did  not  lay  the  basis  for  another,  and 
really  the  most  important  principle  of  :  v  bjectivity ;  I  mean 
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the  Association  of  Ideas.  This  is  the  root  and  branch  of  the 
whole  structure  psychological,  and  therefore,  if  mind  has  a 
physical  basis,  we  should  expect  to  meet  with  some  very 
general  and  essential  feature  of  ganglionic  action  answering 
to  this  very  general  and  essential  feature  of  mental  action. 
And  this,  beyond  question,  we  do  find. 

For  the  association  of  ideas  is  merely  a  development  of 
simple  memory.  A  mental  impression,  image,  memory,  or 
idea  having  once  occurred  in  juxtaposition  with  another,  not 
only  are  the  two  memories  remembered,  but  also  the  fact  of 
their  juxtaposition,  so  that  when  one  memory  or  idea  is 
aroused,  the  other  is  aroused  likewise.  Let  us,  then,  look  at 
the  matter  a  little  more  closely ,^  in  order  to  see  how  this  great 
principle  of  psychology  may  receive  its  explanation,  so  far  as 
the  collateral  principle  of  physiology  is  concerned. 

There  can  be  no  doubt  that  in  the  complex  structure  of 
the  cerebral  hemispheres  one  nervous  arc  {i.e.,  fibres,  cells, 
and  fibres)  is  connected  with  another  nervous  arc,  and  this 
with  another  almost  ad  infinitum ;  and  there  can  be  equally 
little  doubt  that  processes  of  thought  are  accompanied  by 
nervous  discharges  taking  place,  now  in  this  arc,  and  now  in 
that  one,  according  as  the  group  of  nerve-cells  in  each  arc  is 
excited  to  discharge  ids  influence  by  receiving  a  discharge 
from  some  of  the  other  nerve-arcs  with  which  it  is  united. 
Again,  as  we  have  seen,  it  is  practically  certain  that  the 
more  frequently  a  nervous  discharge  takes  place  through  a 
given  group  of  nervous  arcs,  the  more  easy  will  it  be  for  sub- 
sequent discharges  to  take  place  along  the  same  routes — these 
routes  having  been  thus  rendered  more  permeable  to  the  pas- 
sage of  subsequent  discharges.  And  now  a  very  little  reflec- 
tion will  show  that  in  this  physiological  principle  we  no 
doubt  have  the  objective  side  of  the  psychological  principle 
of  the  association  of  ideas.  For  it  may  be  granted  that  a 
series  of  discharges  taking  place  through  the  same  group  of 
nervous  arcs  will  always  be  attended  with  the  occurrence  of 
the  same  series  of  ideas ;  and  it  may  be  further  granted  that 
the  previous  passage  of  a  series  of  discharges  through  any 
group  of  nervous  arcs,  by  making  the  route  more  permeable, 
will  have  the  effect  of  making  subsequent  discharges  pursue 
the  same  course  when  started  from  the  same  origin.  And  if 
these  two  propositions  be  granted,  it  follows  that  the  tendency 
of  ideas  to  recur  in  the  same  order  as  that  in  which  thev 
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have  previously  occurred,  is  merely  a  psychological  expres- 
sion of  the  physiological  fact  that  lines  of  discharge  become 
more  and  more  permeable  by  use. 

We  thus  see  that  the  most  fundamental  of  physiological 
principles — the  association  of  ideas — is  merely  an  obverse 
expression  of  the  most  fundamental  of  neurological  principles 
— reflex  action ;  and  that  such,  in  general  terms,  is  the  fact, 
seems  to  be  proved  beyond  question  by  such  instances  as 
those  above  given  of  the  sleeping  waiter  and  Dr.  Abercrombie's 
unconscious  patient,  &c. ;  for  such  cases  prove  that  actions 
originally  due  to  a  conscious  association  of  ideas  may,  by  a 
liutticiently  long  course  of  ganglionic  instruction,  cease  to  be 
(.onscious  actions,  and  therefore  become  in  no  way  distin- 
guishable from  reflex  actions.* 

But  the  proof  of  the  fundamental  correlation  between 
ganglionic  action  and  mental  iiction  does  not  end  even 
here.  There  is  another  line  of  evidence  which,  although 
perhaps  not  quite  so  definite,  nevertheless  seems  to  me  most 
cogent,  and  ev£n  more  interesting  than  the  considerations 
already  adduced.  If  we  take  ideation  to  be  in  the  same 
sense  an  index  of  jthe  highar  or  more  complex  nervous  pro- 
cesses, as  muscular  movement  is  of  the  lower  or  less  complex, 
we  shall  find  evidence  to  show  that  the  development  of 
ideation,  or  mental  evolution,  implies  a  further  and  continuous 
development  of  the  corresponding  nervous  processes,  which 
is  precisely  the  same  in  kind  as  that  which  on  the  lower 
plane  (that  of  muscular  movement)  has  led  to  the  advancing 
development  of  muscular  co-ordination.  In  other  words,  if 
we  consent  to  change  the  index  from  muscles  to  ideas,  we 
shall  find  evidence  that  the  method  of  nervous  evolution  has 
throughout  been  uniform ;  we  shall  find  that  the  progressive 
elaboration  of  nervous  structures — which  in  the  one  case  has 
found  expression  in  the  growing  complexity  of  the  muscular 
.system,  and  in  the  other  case  has  been  reflected  in  the 
:advancing  phases  of  mental  evolution — we  shall  find  that  this 
progressive  elaboration  has  throughout  been  pervaded  by  the 
same  principles  of  development. 

•  A  good  instance  of  this  may  be  found  in  the  fact  that  men  always  bring 
their  knees  together  in  order  to  catch  a  small  falling  object,  such  as  a  coin, 
wliile  women  always  spread  their  knees  apart.  The  reiison  of  course  is  that 
the  difference  of  dreaa  has  led  to  a  difference  of  organized  habit — the  habit 
in  each  case  having  been  originally  due  to  intelUgent  adjustment,  but  now 
scarcely  distinguishable  from  a  reflex. 
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Disregarding  the  philosophical  question  as  to  how  nervous 
action  is  associated  with  subjective  ideation,  and  concerning 
ourselves  only  with  the  scientific  fact  that  it  is  thus  associated, 
we  may  most  clearly  appreciate  the  parallel  which  I  am  about 
to  draw  if  we  regard  the  objective  processes  as  the  causes  of 
the  subjective.  Whether  or  not  such  is  really  the  case 
matters  nothing  to  the  exposition  on  which  I  am  about  to 
enter ;  for  I  throughout  take  it  for  granted  that  the  association 
of  neurosis  and  psychosis  is  as  invariable  and  precise  as  it 
would  be  were  it  proved  to  be  due  to  a  relation  of  causality. 
Placing  therefore  neurosis  for  the  purposes  of  my  argument 
as  the  cause  of  psychosis,  I  desire  to  show  that  there  is  a 
very  exact  parallel  between  the  ganglionic  action  which  pro- 
duces subjective  ideation  and  that  which  produces  muscular 
co-ordination;  I  desire  to  show  that  if  we  interpret  the 
phenomena  of  ideation  in  terms  of  the  nervous  activity 
which  is  supposed  to  produce  it,  we  shall  find  that  this 
activity  is  just  the  same  in  all  its  laws  and  principles  as  that 
which  produces  muscular  co-ordination. 

No  doubt  it  sounds  absurd,  and  from  a  philosophical 
point  of  view  alone  it  is  absurd,  to  speak  of  ideas  as  the 
psychological  equivalents  of  muscles.  So  far  as  subjective 
analysis  could  teach  us,  it  certainly  does  not  seem  that  an 
idea  presents  any  further  kinship  to  a  muscle  than  it  does  to 
a  stone,  or  to  the  moon ;  but  when  we  look  at  the  matter 
from  the  objective  side,  we  perceive  that  the  kinship  is  most 
intimate.  Taking  it  for  granted  that  the  same  idea  is  only 
and  always  aroused  during  the  activity  of  the  same  nervous 
structure,  element,  or  group  of  cells  and  fib' "^s,  it  follows  that 
any  particular  mental  change  resembles  any  particular  mus- 
cular contraction  in  so  far  as  it  is  the  terminal  result  of  the 
activity  of  a  particular  nervous  structure.  The  incongruity 
of  comparing  a  mental  change  to  a  muscular  contraction 
arises,  of  course,  from  the  emphatic  distinction  which  must 
always  be  felt  to  exist  between  mental  and  dynamical  pro- 
cesses. Physiology,  which  is  concerned  only  with  the  dyna- 
mical processes,  can  take  no  cognizance  of  anything  that 
happens  in  the  region  of  mind.  It  can  trace  nervous  action 
leading  to  combined  muscular  movements  of  greater  and 
greater  intricacy  as  we  ascend  to  more  and  more  elaborated 
mechanisms;  but  even  when  we  reach  the  brain  of  man, 
physiology  can  have  nothing  to  do  with  the  mental  «ide  of 
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the  nervous  processes.  All  that  physiology  can  see  in  these 
processes  is  a  greatly  improved  power  of  discriminating 
between  stimuli,  and  of  issuing  impulses  to  a  correspondingly 
greater  number  and  variety  of  adaptive  movements  ;  the 
mental  changes  which  accompany  these  nervous  processes  are 
as  wholly  without  the  ken  of  physiology  as  these  nervous 
processes  are  without  the  ken  of  subjectivity.  Therefore  it 
is  that  when  we  speak  of  an  idea  as  the  analogue  of  a  muscle, 
we  feel  the  incongruity  of  confusing  two  things  which  are 
separated  from  one  another  by  the  whole  interval  that 
divides  subject  from  object.  But  although  in  speaking  of  an 
idea  as  the  analogue  of  a  muscle,  we  do  and  ought  to  fe^  ^  the 
incongruity,  let  it  not  be  supposed  that  by  thus  speaP '  we 
are  allowing  ourselves  to  be  betrayed  into  any  confu  jf 

thought.  I  speak  of  a  mental  change  as  the  analogue  of  a 
muscular  contraction  only  with  reference  to  its  being  the  ter- 
minal event  invariably  associated  (whether  by  way  of 
causality  or  not)  with  the  activity  of  a  nervous  structure. 
And  if  we  do  not  seek  to  press  the  analogy  further  than  this, 
there  is  no  fear  of  our  confusing  ideas  which  ought  always  to 
be  kept  fundamentally  distinct. 

So  much,  then,  by  way  of  introduction  to  the  point  which 
I  have  to  make  plain.  Now  it  admits  of  being  abundantly 
proved  that  throughout  the  animtil  kingdom,  so  long  as  we 
regard  the  muscular  system  as  our  index  of  the  structural 
advances  taking  place  in  the  nervous  system,  we  find  this 
index  to  consist  in  the  growing  complexity  of  the  muscular 
system,  and  the  consequent  increase  in  the  number  and 
variety  of  co-ordinated  movements  which  this  system  is 
enabled  to  execute.  Therefore  the  point  which  I  have  to 
prove  will  be  proved  if  I  can  make  it  clear  that  the  process 
of  mental  evolution  bears  some  such  resemblance  to  that  of 
muscular  evolution  as  we  should  expect  that  it  ought  to  bear, 
if  they  are  both  dependent  on  a  similar  process  of  nervous 
evolution.  In  other  words,  I  have  to  show  that  the  process 
of  mental  evolution  consists  essentially  in  a  progressive 
co-ordination  of  progressively  developing  mental  faculties, 
analogous  to  that  which  takes  place  in  muscular  movements. 

Beginning  "vith  the  faculties  of  simple  sensation,  we 
know,  for  instance,  that  when  a  note  of  music  is  struck,  it 
appears  to  produce  a  single  vibration,  and  yet  physical  ana- 
lysis shows  that  the  sound  is  not  a  single  vibration,  but  a 
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highly  complex  structure  of  vibrations  or  harmonics,  and  that 
the  ear  takes  in  all  these  harmonics  by  as  many  separate 
nervous  elements  (whatever  the  elements  may  be  which 
minister  to  the  perception  of  pitch),  although  they  are  all 
blended  into  one  compound  sensation,  which  is  so  well  com- 
pounded that  the  evidence  supplied  by  it  alone  would  never 
have  led  us  to  suspect  that  the  sensation  was  other  than 
simple.  The  same  is  known  to  be  the  case  with  sensations 
of  colour,  taste,  and  smell ;  so  that  Lewes  feels  justified  in 
going  to  the  length  of  saying,  "  Eveiy  sensation  is  a  group  of 
sensible  components."*  And,  taking  the  same  view  on  the 
psychological  side  as  I  take,  he  liirther  says  in  general  terms, 
'*  The  main  fact  on  which  our  exposition  rests  is  indisputable, 
namely,  that  sensation,  perception,  emotions,  conceptions,  are 
not  simple  undecomposable  states,  but  variously  com- 
pounded." 

To  avoid  being  tedious,  I  shall  not  pursue  the  analysis 
through  all  the  grades  of  the  psychological  faculties ;  but, 
taking  ideation  in  its  widest  sense,  as  including  alike  the 
mere  memory  of  a  sensation  and  the  most  complex  process 
of  abstract  thought,  I  shall  briefly  show  that  it  everywhere 
displays  a  grouping  and  compounding  of  subjective  elements 
which,  if  translated  into  their  objective  counterparts,  display 
precisely  the  same  method  of  nervous  evolution  as  that  which 
obtains  in  the  lower  ganglia,  as  expressed  by  muscular  co- 
ordination. 

As  Bain  observes,  "Movements  frequently  conjoined 
become  associated,  or  grouped,  so  as  to  arise  in  the  aggregate 
at  one  bidding.  Suppose  the  power  of  walking  attained,  and 
also  the  power  of  rotating  the  limbs,  one  may  then  be 
taught  to  combine  the  walking  pace  with  the  turning  of  the 
toes  outward.  Two  volitions  are  at  first  requisite  for  this  act, 
but  after  a  time  the  rotation  of  the  limb  is  combined  with 
the  act  of  walking,  and,  unless  we  wish  to  dissociate  the  two, 
they  go  together  as  a  matter  of  course ;  the  one  resolution  brings 

on  the  combined  movement Articulate  speech 

largely  exemplifies  the  aggregation  of  muscular  movements 
and  positions.  A  concurrence  of  the  chest,  larjoix,  tongue, 
and  mouth,  in  a  definite  group  of  exertions,  is  requisite  for 
each  alphabetical  letter.    These  groupings,  at  first  impossible, 
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are,  after  a  time,  cemented  with  all  the  firmness  of  the 
strongest  instinct." 

Precisely  analogous  to  this  process  of  blending  many 
separate  muscular  movements  into  one  simultaneous  and  com- 
pounded movement,  is  the  process  of  blending  many  simple 
ideas  into  one  complex  or  compounded  idea.  Just  as  mus- 
cular co-ordination  is  dependent  on  the  simultaneous  action 
of  a  certain  group  of  nerve-centres  for  the  purpose  of  securing 
the  combined  action  of  a  number  of  muscles,  so  we  must 
suppose  that  a  general  or  a  composite  idea  is  dependent  on 
the  simultaneous  activity  of  several  nerve-centres  which 
minister  to  the  several  component  parts  of  the  blended  idea. 
The  psychological  side  of  this  process  has  been  so  well  ex- 
pressed by  James  Mill,  that  I  cannot  do  better  than  render  it 
in  his  words : — "  Ideas  which  have  been  so  often  conjoined 
that  whenever  one  exists  in  the  mind  the  other  exists  along 
with  it,  seem  to  run  into  one  another,  to  coalesce,  as  it  were, 
and  out  of  many  to  ibrm  one  idea,  which  idea,  however,  in 
reality  complex,  appears  to  be  no  less  simple  than  any  one  of 

those  of  which  it  is  compounded The  word 

'  gold,'  for  example,  or  the  word  '  iroL,'  appears  to  express  as 
simple  an  idea  as  the  woi;d  '  colour,'  or  the  word  *  sound.' 
Yet  it  is  immediately  seen  that  the  idea  of  each  of  those 
metals  ib  made  up  of  the  separate  ideas  of  several  sensa- 
tions :  colour,  hardness,  extension,  weight.  Th'  3  ideas,  how- 
ever, present  themselves  in  such  intimate  union,  that  they 
are  constantly  spoken  of  as  one,  not  many.  We  say,  our 
idea  of  iron,  our  idea  of  gold ;  and  it  is  only  with  an  effort 
that  reflecting  men  perform  the  decomposition."  And  simi- 
larly, of  course,  with  the  most  highly  complex  ideas,  except 
that  the  more  complex  they  become  the  greater  is  the  diffi- 
culty of  sflcdring  the  needful  composition,  and  the  more  ea'iily 
do  they  undergo  disintegration.  Thus  it  is  that,  in  the  words 
of  Mr.  Spencer,  "  In  the  development  of  mind  there  is  a  pro- 
gressive consolidation  of  states  of  consciousness.  States  of 
consciousness  once  separate  become  indissoluble.  Other  states 
tliat  v/ere  originally  united  with  difficulty,  grow  so  coherent 
as  to  follow  one  another  without  difficulty.  And  thus  there 
arise  large  aggregations  of  states,  answering  to  complex 
external  things — animals,  men,  louilaings — which  are  so 
welded  together  as  to  be  practically  single  states.  But  this 
iutugratiou,  by  uniting  a  large  number  of  ralated  sensations 
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into  one  state,  does  not  destroy  them.  Though  subordinated 
as  parts  of  a  whole,  they  still  exist."* 

Again,  just  as  the  principle  of  association  is  exhibited  in 
the  case  of  ideas  not  only  with  reference  to  the  simulta'mous 
blending  of  simple  ideas  into  one  complex  idea,  but  also 
with  reference  to  the  siiccessive  sequence  or  concatenation  of 
ideas ;  so  in  the  case  of  muscular  co-ordinations  we  acquire, 
not  only  the  power  of  a  simultaneous  co-operation  of  muscle- 
groups,  but  also  that  of  a  successive  co-operation.  For 
instance,  as  Professor  Bain  observes,  "  In  all  manual  opera- 
tions there  occur  successions  of  movements  so  firmly  asso- 
ciated, that  when  we  will  to  do  the  first,  the  rest  follow 
mechanically  and  unconsciously.  In  eating,  the  action  of 
opening  the  mouth  mechanically  follows  the  raising  of  the 

morsel Although  the  learning  of  successions  of 

movements  involves  the  medium  of  sensation,  in  the  first 
instance,  yet  we  must  assume  that  there  is  a  power,  in  the 
system,  for  associating  together  movements  as  such."  In 
fact,  it  might  well  have  been  added,  there  is  such  a  power 
that  manifests  itself  long  before  the  dawn  of  any  of  the 
powers  of  the  "  will " ;  it  is  as  true  of  the  polyp  as  of  the  man 
that  "  in  eating,  the  act  of  opening  the  mouth  mechanically 
follows  the  raising  of  the  morsel." 

So  with  the  highest  or  most  abstract  powers  of  mind. 
For  abstraction  merely  means  the  mental  dissociating  of 
qualities  from  objects,  and,  in  its  higher  phases,  blending 
these  qualities,  or  conceptions  of  them,  into  new  ideal  com 
binations. 

Lastly,  just  as  innumerable  special  mechanisms  of  mus- 
cular co-ordinations  are  found  tv  be  inherited,  innumerable 
special  associations  of  ideas  are  found  to  be  the  same ;  and  in 
one  case  as  in  the  other,  tlo  strength  of  the  organically 
imposed  connection  is  found  to  bear  a  direct  proportion  to 
the  frequency  with  which  in  the  history  of  the  species  it  has 
occurred.  Thus,  the  simplest,  oldest,  and  most  constant 
ideas  relating  to  time,  space,  number,  sequence,  &c.,  may  be 
compared,  in  point  of  organic  integrity,  with  the  oldest  and 
most  indissolubly  associated  muscular  movements,  such  as 
those  concerned  in  breathing,  deglutition,  and  visceral 
motions.  Again,  inherited  instincts  have  their  counterparts 
in  such  inherited  muscular  co-ordinations  as  are  not  abso- 

*  PrinoipUt  (tf  Ptyoholog^ .    ol.  ii,  p.  476. 
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lutely  indissoluble.  And  similarly,  of  course,  associations  of 
ideas  acquired  only  during  the  life-history  of  the  individual 
need  to  be  more  or  less  constantly  maintained  by  repetition, 
just  as  muscular  co-ordinations  similarly  acquired  can  only 
be  maintained  by  practice. 

Upon  the  whole,  therefore,  it  is  impossible  that  there  could 
be  a  more  precise  parallelism  between  these  two  manifesta- 
tions of  nervous  machinery,  and  it  is  one  which  for  recog- 
nition in  a  general  way  does  not  require  scientific  analysis ; 
it  has  been  perceived  by  the  common  sense  of  mankind — 
witness,  for  instance,  the  term  "gymnastics"  having  become 
applicable  to  mental  no  less  than  to  muscular  co-ordinations. 
But,  for  the  sake  of  systematic  completeness,  I  shall  conclude 
this  exposition  by  briefly  pointing  out  that  all  those  patho- 
logical derangements  which  occur  in  the  nervous  centres  that 
preside  over  muscular  activities,  have  their  parallels  in 
similar  derangements  which  occur  in  the  nervous  centres 
that  are  concerned  in  mental  activities.  Thus  "nervous- 
ness," or  a  disturbance  of  the  normal  balance  of  nerve- 
centres,  has  a  strikingly  analogous  effect  in  confusing  the 
ideas  and  in  perturbing  muscular  co-ordinations.  Idiotcy  has 
its  parallel  in  inability  to  perform  complex  muscular  move- 
ments, with  which  inability,  indeed,  idiotcy  is  itself  almost 
invariably  associated.  Lunacy  has  it  counterpart  in  an  un- 
balanced, or  badly  correlated  power  of  muscular  co-ordina- 
tion, which  in  its  graver  manifestations  is  known  as  ataxy ; 
while  mania  is  mental  convulsion,  and  unconsciousness 
mental  paralysis. 

1  must  not,  however,  take  leave  of  this  branch  >f  our 
subject  without  briefly  alluding  to  a  ditticulty  whicn  may 
occur  to  some  minds,  and  which  has  been  well  stated  by 
Professor  Calderwood  in  his  recently  published  work.*  The 
difficulty  to  which  I  allude  arises  from  there  being  an 
absence  of  such  a  constant  relationship  between  the  size  or 
mass  of  the  brain,  and  the  degree  of  intelligence  displayed 
by  it,  as  the  foregoing  teaching  would  reasonably  lead  us  to 
expect. 

Now,  I  do  not  deny  that  the  relation  of  intelligence  to 
size,  mass,  or  weight  of  brain  is  a  perplexing  matter  when 
we  look  to  the  animal  kingdom  as  a  whole;  for  although 
there  is  unquestionably  a  general  relation  of  a  quantitative 
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kind,  it  is  not  a  constard  relation.  Even  within  the  limits  of 
the  human  species  this  relation  is  not  so  precise  as  is  usually 
supposed;  ^or,  neglecting  particular  cases  that  might  be 
quoted  of  men  of  genius  not  having  particularly  large  or 
heavy  brains,  the  converse  cases  are  perhaps  in  this  connec- 
tion more  remarkable — viz.,  those  of  feeble-minded  persons 
having  large  and  apparently  well-formed  brains.  I  am 
indebted  to  Dr.  Frederick  Bateman  of  the  Eastern  Counties' 
Asylum  for  directing  my  attention  to  the  observations  of 
Dr.  Mierzejewskis,  which  were  published  at  the  international 
congress  of  psychologists  held  in  Paris  in  1878.  These 
observations,  which  appear  to  have  been  carefully  made, 
seeing  that  casts  of  the  brains  were  exhibited,  went  to  show 
that  idiotcy  is  compatible  with  large  and  apparently  well- 
developed  brains — the  amount  of  grey  matter  in  one  instance 
being  "  enormous." 

And,  if  we  turn  to  the  animal  kingdom,  we  find  in  a  still 
larger  measure  that  the  mere  amount  of  cerebral  substance 
furnishes  but  a  very  uncertain  index  of  the  le^el  of  intelli- 
gence which  is  attained  by  t'  animal.  This  is  the  case 
even  when  we  eliminate  the  .<  ment  of  complexity  that  is 
introduced  by  the  differences  which  ohLaiii  in  different 
animals  between  the  bulk  of  the  brain  uud  the  bulk  of  the 
body — small  animals  requiring  a  greater  proi'ortional  1  ulk  of 
brains  than  large  ones,  because  the  nervous  uiacliiiiery  wliich 
ministers  to  muscular  movement  and  co-ordination  has  in 
both  cases  to  be  accommodated.  But  this  element  of  com- 
plexity may  be  removed  by  considering  the  cas'  ^  in  which 
small  animals  exhibit  remarkable  intelligence ;  anil  in  this 
respect  no  animals  are  so  remarkable  as  the  more  intelligent 
species  of  ants  alluded  to  in  my  former  work.  As  Mr.  1  >  win 
has  observed,  the  brain  of  such  an  insect  desei  to  be 
regarded  as  perhaps  the  most  wonderful  piece  of  matter  in 
the  world. 

But  if  this  whole  question  touching  tlie  relation  between 
the  mass  of  brain  and  degree  of  intelligence  is  felt  to  lie  as 
a  difficulty  in  the  way  of  evolutionary  theory,  I  should  reply 
to  it  by  the  following  considerations. 

In  the  first  place,  that  there  is  a  general  relation  between 
size  of  brain  and  degree  of  intelligence,  both  in  the  case  of 
man  and  in  ♦hnt  of  animals,  is  unquestionable.  It  is,  there- 
fore, only  with  the  more  special  exceptions  that  we  have  to 
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deal.  But  here  we  ha .  e  to  remember  that  besides  size  or 
mass,  there  must  certainly  be  a  no  less  important  factor  to  be 
taken  into  account — that,  namely,  of  structure  or  complexity. 
Now  we  really  know  so  little  about  the  relations  of  intelli- 
gence to  neural  structure,  that  I  do  not  think  we  are  justified 
in  forming  any  very  strong  conclusions  d  prim'i  concerning  the 
relation  of  intelligence  to  mere  size  or  mass  of  brain.  Know- 
ing in  a  general  way  that  mass  pluis  structure  o^  brain  is 
necessary  for  intelligence,  we  do  not  know  how  far  the 
second  of  these  two  factors  may  be  increased  at  the  expense 
of  the  first.  And,  as  a  mere  matter  of  complexity,  or  of 
mvltum  in  parvo,  I  am  not  sure  that  even  the  brain  of  an 
ant  deserves  to  be  considered  more  wonderful  than  the  ovum 
of  a  human  being.  Lastly,  in  this  connection  it  may  be  as 
well  to  observe  that  there  is  as  good  evidence  to  show  the 
importance  of  cerebral  structure  as  a  factor  in  determining 
the  level  of  mental  development,  as  there  is  to  show  the 
importance  of  cerebral  mass.  Throughout  the  vertebrated 
series  of  animals  the  convolutions  of  the  brain — which  are 
the  coarser  expressions  of  more  refined  complexities  of 
cerebral  structure — furnish  a  wonderfully  good  general  indi- 
cation of  the  level  of  intelligence  attained;  while  in  the 
case  of  ants  Dujardin  says  that  the  degree  of  intelligence 
exhibited  stands  in  an  inverse  proportion  to  the  amount  of 
cortical  substance,  or  in  direct  proportion  to  the  amount  of  the 
peduncular  bodies  and  tubercles.  In  view  of  these  con- 
siderations, therefore,  I  do  not  feel  that  the  supposed  diffi- 
culty, which  I  have  thought  it  desirable  to  mention,  is  one  of 
any  real  solidity. 
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Although  the  phenomena  of  Mind,  and  so  of  Choice,  are 
both  complex,  and  as  to  their  causation  obscure,  I  think  we 
have  now  seen  that  we  are  justified  in  believing  that  they  all 
present  a  physical  basis.  That  is  to  say,  whatever  opinion 
we  may  happen  to  entertain  regarding  the  ultimate  nature  of 
these  phenomena,  in  view  of  the  known  facts  of  physiology, 
we  ought  all  to  be  agreed  concerning  the  doctrine  that  the 
mental  processes  which  we  cognize  as  subjective,  are  the 
psychical  equivalents  of  neural  processes  which  we  recog- 
nize as  objective.  As  already  stated,  I  have  elsewhere  con- 
sidered the  various  hypotheses  concerning  the  nature  and  the 
various  attempts  at  an  explanation  of  this  equivalency 
between  mental  processes  and  neural  processes ;  but  here  I 
desire  to  consider  the  fact  of  this  equivalency  merely  as  a 
fact.  It  will  therefore  signify  nothing  to  my  discussion 
whether,  with  the  materialists,  we  rest  in  this  fact  as  final,  or 
endeavour,  with  men  of  other  schools,  to  seek  an  explanation 
of  the  fact  of  some  more  ultimate  character.  It  is  enough 
if  we  are  agreed  that  every  psychical  change  of  which  we 
have  any  experience  is  invariably  associated  with  a  definite 
physical  change,  whatever  we  may  suppose  to  be  the  nature 
and  significance  of  this  association. 

Looking,  then,  at  the  phenomena  of  Mind  as  invariably 
presenting  a  physical,  or,  as  we  may  indifferently  call  it,  a 
physiological  side,  I  shall  endeavour  to  point  out  what  I  con- 
ceive to  be  the  most  ultimate  principle  of  physiology  which 
analysis  shows  to  be  common  to  them  all.  On  the  mental 
side,  as  we  have  already  seen,  we  have  no  difficulty  in  dis- 
tinguishing this  ultimate  principle,  or  common  characteristic, 
as  that  which  we  designate  by  the  term  Choice.  Now  if  the 
power  of  choice  is  the  distinctive  peculiarity  of  a  Uiental 
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being,  and  if,  as  we  have  taken  for  granted,  every  change  of 
Mind  is  associated  with  some  change  of  Body,  it  follows  that 
this  distinctive  peculiarity  ought  to  admit  of  being  trans- 
lated into  some  physiological  equivalent.  Further,  if  there 
is  any  such  physiological  equivalent  to  be  found,  we  should 
expect  to  find  it  much  lower  down  in  the  scale  of  physio- 
logical development  than  in  the  functions  of  the  human 
brain.  For  not  only  do  the  lower  animals  manifest,  in  a 
long  descending  scale,  powers  of  choice  which  gradually  fade 
away  into  greater  and  greater  simplicity ;  but  we  should  be 
led  d  priori  to  expect,  if  there  is  a  physiological  principle 
which  constitutes  the  objective  basis  of  the  psychological 
principle,  that  the  former  should  manifest  itself  more  early 
in  the  course  of  evolution  than  the  latter.  For,  whatever 
views  we  may  entertain  concerning  the  relation  of  Body 
and  Mind,  there  can  be  no  question,  on  the  basis  of  the 
evolution  theory  which  I  assume,  that,  as  a  matter  of  his- 
torical sequence,  the  principles  of  physiology  were  prior  to 
those  v^  i  psychology ;  and  therefore,  if  in  accordance  with 
our  original  agreement  we  allow  that  the  latter  have  a  phy- 
sical basis  in  the  former,  it  follows  that  the  principles  of 
physiology,  which  now  constitute  the  objective  basis  of 
choice,  whatever  they  may  be,  probably  came  into  operation 
long  before  they  were  sufficiently  evolved  thus  to  constitute 
the  foundation  of  psychology. 

Now  I  think  that  the  d  priori  expectation  thus  briefly 
sketched  is  fully  realized  in  the  occurrence  of  a  physiological 

Erinciple,  which  first  appears  very  low  down  in  the  world  of 
fe,  and  which,  in  its  relation  to  psychology,  has  not  yet 
received  the  attention  which  it  deserves.  I  may  best  state 
the  principle  by  giving  an  example.  I  have  observed  that  if 
a  sea-anemone  is  placed  in  an  aquarium  tank,  and  allowed 
to  fasten  upon  one  side  of  the  tank  near  the  surface  of  the 
water,  and  if  a  jet  of  sea  water  is  made  to  play  continuously 
and  forcibly  upon  the  anemone  from  above,  the  result  of 
course  is  that  the  animal  becomes  surrounded  with  a  turmoil 
of  water  and  air-bubbles.  Yet,  after  a  short  time,  it  becomes 
so  accustomed  to  this  turmoil  that  it  will  expand  its  tentacles 
in  search  of  food,  just  as  it  does  when  placed  in  calm  water. 
If  now  one  of  the  expanded  tentacles  is  gently  touched  with 
a  solid  body,  all  the  others  close  around  that  body,  in  just 
the  same  way  as  they  would  were  they  expanded  in  oalm 
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water.  That  is  to  say,  the  tentacles  are  'ulf^  to  discrimi- 
nate between  the  stimulus  which  is  supplied  by  the  turmoil 
of  the  water  and  that  which  is  suppUed  by  their  contact 
with  the  solid  body,  and  they  respond  to  tho  latter  stimulus 
notwithstanding  that  it  is  of  incomparably  less  intensity 
than  the  former.  And  it  is  this  power  of  discriminating 
between  stimuli,  irrespective  of  their  relative  mechanical  inten- 
sities, that  I  regard  as  the  objective  principle  of  which  we  are 
in  search ;  it  constitutes  the  physiological  aspect  of  Choice. 

A  similar  power  of  discriminative  response  has  long  been 
known  to  occur  in  plants,  though  the  most  carefully  observed 
facts  with  regard  to  this  interesting  subject  are  those  which 
we  owe  to  the  later  researches  of  Mr.  Darwin  and  his  son. 
The  extraordinary  delicacy  of  discrimination  which  these 
researches  show  the  leaves  of  plants  to  exercise  between 
darkness  and  light  of  the  feeblest  intensity,  is  not  less 
wonderful  than  the  delicacy  of  discrimination  which  they 
show  the  roots  of  plants  to  exercise  in  feeling  about  for 
moisture  and  linos  of  least  resistance  in  the  soil.  But  in  the 
present  connection  the  most  suggestive  facts  are  those  which 
have  been  brought  to  light  by  Mr.  Darwin's  previous  re- 
searches on  the  climbing  and  insectivorous  plants.  For, 
from  these  researches  it  appears  that  the  power  of  discrimi- 
nating between  stimuli,  irrespective  of  relative  mechanical 
intensity  or  amount  of  mechanical  disturbance,  has  here 
proceeded  to  an  extent  that  rivals  the  function  of  nerve- 
tissue,  although  the  tissues  which  manifest  it  have  not  in 
structure  passed  beyond  the  cellular  stage.  Thus,  the  tenta- 
cles of  Drosera,  which  close  around  their  prey  like  the 
tentacles  of  a  sea-anemone,  will  not  respond  to  the  violent 
stimulation  supplied  by  rain-drops  falling  upon  their  sensi- 
tive surfaces  or  glands,  while  they  will  respond  to  an  incon- 
ceivably slight  stimulus  of  the  kind  caused  by  an  exceedingly 
minute  particle  of  solid  matter  exerting  by  gravity  a  con- 
tinuous pressure  upon  the  same  surfaces.  For  Mr.  Darwin 
says,  "  The  pressure  exerted  by  a  particle  of  hair,  weighing 
only  -hI^j^  of  a  grain,  and  supported  by  a  dense  fluid,  must 
have  been  inconceivably  slight.  We  may  conjecture  that  it 
could  hardly  have  equalled  the  millionth  of  a  grain  ;  and  we 
shall  hereafter  see  that  far  less  than  the  millionth  of  a  grain 
of  phosphate  of  ammonia  in  solution,  when  absorbed  by  a 
gland,  acts  on  it.  and  induces  raovement.    ...    It  is 
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extremely  doubtful  whether  any  nerve  in  the  human  body, 
even  if  in  an  inflamed  condition,  would  be  in  any  way 
affected  by  such  a  particle  supported  in  a  dense  fluid,  and 
slowly  brought  into  contact  with  the  nerve.  Yet  the  cells 
of  the  glands  of  Drosera  are  thus  excited  to  transmit  a 
motor  impulse  to  a  distant  point,  inducing  movement.  It 
appears  to  me  that  hardly  any  more  remarkable  fact  than 
this  has  been  observed  in  the  vegetable  kingdom." 

But  the  case  does  not  end  here.  For  in  another  insec- 
tivorous plant,  Dioncea,  or  Venus'  Fly-trap,  the  principle  of 
discriminating  between  different  kinds  of  stimuli  has  been 
developed  in  a  direction  exactly  the  opposite  to  that  which 
obtains  in  Prosera.  For  while  Drosera  depends  for  capturing 
its  prey  on  entangling  the  latter  in  a  viscid  secretion  from  its 
glands,  Dionoea  closes  upon  its  prey  with  the  suddenness  of 
a  spring-trap ;  and  in  relation  to  this  difference  in  the  mode 
of  capturing  prey,  the  principle  of  discrimination  between 
stimuli  has  been  correspondingly  modified.  In  Drosera,  as  we 
have  seen,  it  is  the  stimulus  supplied  by  continuous  pressure 
that  is  so  delicately  perceived,  while  the  stimulus  supplied 
by  impact  is  disregart  d ;  but  in  Dionoea  the  smallest  impact 
upon  the  irritable  surfaces,  or  filaments,  is  immediately  re- 
sponded to,  wMle  the  stimulus  supplied  even  by  compara- 
tively great  pressure  upon  the  same  surfaces  is  wholly 
disregarded.  Or,  in  Mr.  Darwin's  own  words,  **  Although  the 
filaments  are  so  sensitive  to  a  momentary  and  delicate  touch, 
they  are  far  less  sensitive  than  the  glands  of  Drosera  to  pro- 
longed pressure.  Several  times  I  succeeded  in  placing  on 
the  tip  of  a  filamwit,  by  the  aid  of  a  needle  moved  with 
extreme  slowness,  bits  of  rather  thick  human  hair,  and  these 
did  not  excite  movement,  although  they  were  more  than  ten 
times  as  long  as  those  which  caused  the  tentacles  of  Drosera 
to  bend ;  and  although  in  this  latter  case  they  were  largely 
supported  by  the  dense  secretion.  On  the  other  hand,  the 
glands  of  Drosera  may  be  struck  with  a  needle,  or  any  hard 
object,  once,  twice,  or  even  thrice,  with  considerable  force, 
and  no  movement  ensues.  This  singular  difference  in  the 
nature  of  the  sensitiveness  of  the  filaments  of  Dionoea  and 
of  the  glands  of  Drosera  evidently  stands  in  relation  to  the 
habits  of  the  two  plants.  If  a  minute  insect  alights  with  its 
delicate  feet  on  the  glands  of  Drosera,  it  is  caught  by  the 
viscid  seci:etiQn»  and  the  slight,  though  prolonged  pressure 
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gives  notice  of  the  presence  of  prey,  which  is  secured  by  the 
slow  bending  of  the  tentacles.  On  the  other  hand,  the  sensi- 
tive filaments  of  Dioncea  are  not  viscid,  and  the  capture  of 
insects  can  only  be  assured  by  their  sensitiveness  to  a 
momentary  touch,  followed  by  the  rapid  closure  of  the  lobes." 
So  that  in  these  two  plants  the  power  of  discriminating 
between  these  two  kinds  of  stimuli  has  been  developed  to  an 
equally  astonishing  extent,  but  in  opposite  directions. 

But  we  find  definite  evidence  of  this  power  of  discrimina- 
tive selection  even  lower  down  in  the  scale  of  life  than  the 
cellular  plants;  we  find  it  even  among  the  protoplasmic 
organisms.  Thus,  to  quote  an  instructive  case  from  Dr.  Car- 
penter : — 

"  The  Deep-Sea  researches  on  which  I  have  recently  been 
engaged  have  not '  exercised '  my  mind  on  any  topic  so  much 
as  on  the  following : — Certain  minute  particles  of  living  jelly, 
having  no  visible  diflferentiation  of  organs  ....  build 
up  *  tests '  or  casings  of  the  most  regular  geometrical  sym- 
metry of  fonn,  and  of  the  most  artificial  construction  .  .  . 
From  the  same  sandy  bottom,  one  species  picks  up  the  coars&r 
quartz-grains,  cements  them  together  with  phosphate  of  iron 
(?),  which  must  be  secreted  from  their  own  substance ;  and 
thus  constructs  a  Aask-shaped  '  test '  having  a  short  neck  and 
a  single  large  orifice.  Another  picks  up  t\i%  finer  grains,  and 
puts  them  together  with  the  same  cement  into  perfectly 
spherical  '  tests '  of  the  most  extraordinary  finish,  perforated 
with  numerous  small  tubes,  disposed  at  pretty  regular  inter- 
vals. Another  selects  the  minutest  sand-grain  and  the 
terminal  points  of  sponge-spicules,  and  works  these  up 
together — apparently  with  no  cement  at  all,  but  by  the 
'  laying '  of  the  spicules — into  perfect  spheres,  like  homoeo- 
pathic globules,  each  having  a  single  fissured  orifice."  * 

Thus,  co-extensive  with  the  phenomena  of  excitability, 
that  is  to  say,  with  the  phenomena  of  life,  we  find  this  func- 
tion of  selective  discrimination ;  and,  as  I  have  said,  it  is  this 
function  that  I  regard  as  the  root-principle  of  Mind.  I  so 
regard  it  because,  if  we  consider  all  the  faculties  of  mind,  we 
shall  observe  that  the  one  feature  which  on  their  objective 
side  they  present  as  common,  is  this  power  of  discriminating 
among  stimuli,  and  responding  only  to  those  which,  irrespec- 
tive of  relative  mechanical  intensity,  are  the  stimuli  to  which 

*  Contempormy  Beview,  April,  1878. 
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responses  are  appropriate.  In  order  to  see  this,  let  us  take 
the  principal  faculties  of  mind  in  their  ascending  order,  and 
consider  what  they  are,  in  their  last  analysis,  upon  their 
physiological  side.  First  we  have  the  organs  of  special 
Sensation,  the  physiological  functions  of  which  clearly  con- 
stitute the  basis  of  the  whole  structure  psychological.  Yet 
no  less  clearly,  these  functions  in  their  last  analysis  are 
merely  so  many  specially  developed  aptitudes  of  response  to 
special  modes  of  stimulation.  Thus,  for  instance,  the  struc- 
ture of  the  eye  is  specially  adapted  to  respond  only  to  the 
particular  mode  of  stimulation  that  is  supplied  by  light,  the 
ear  to  that  which  is  supplied  by  sound,  and  so  on.  In  other 
words,  the  organs  of  special  sense  are  so  many  structures 
which  have  been  variously  and  extremely  differentiated  in 
several  directions,  for  the  express  purpose  of  attaining  a 
severally  extreme  sensitiveness  to  special  modes  of  stimula- 
tion without  reference  to  any  other  mode.  And  this  is 
merely  to  say  that  the  function  of  an  organ  of  special  sense 
is  that  of  sorting  out,  selecting,  or  discriminating  the  par- 
ticular kind  of  stimulation  to  which  its  responsive  action  is 
appropriate. 

Again,  many  of  the  nervous  mechanisms  which  minister  to 
various  Reflex  Actions  are  only  thrown  into  activity  by  special 
modes  of  stimulation.  This  is  notably  the  case  with  those  highly 
complicated  neuro-muscular  mechanisms  which  are  thrown 
into  activity  only  by  the  mode  of  stimulation  which  we  call 
tickling.  Such  instances  are  of  special  interest  in  the  present 
connexion  from  the  fact  that  the  distinguishing  peculiarity  of 
tliip  mode  of  stimulation  consists  in  its  being  a  stimulation  of 
low  intensity.  The  comparatively  violent  stimulation  that  is 
caused  by  the  passage  of  food  down  the  gullet,  or  by  contact 
of  the  soles  of  the  feet  with  the  ground,  is  unproductive  of 
any  response  on  the  part  of  the  mechanisms  which  are 
thrown  into  violent  activity  by  the  gentlest  possible  stimula- 
tion of  the  same  surfaces.  Similarly  with  regard  to  Instincts. 
These,  physiologically  considered,  are  the  activities  of  highly 
differentiated  nervous  mechanisms  which  have  been  slowly 
elaborated,  through  successive  generations,  for  the  express 
purpose  of  responding  to  some  particular  stimulus  of  a  highly 
wrought  character,  and  which,  on  its  psychological  side,  is  a 
recognition  of  the  circumstances  to  which  the  instinctive 
adjustment  is  appropriate.    And  so  with  the  Emotions.    For, 
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physiologically  considered,  the  emotions  are  the  activities  of 
highly  wrought  nervous  mechanisms,  and  these  activities  are 
only  excited  by  the  very  special  stimuli  which,  on  their  sub- 
jective side,  we  recognize  as  the  particular  kind  of  ideas 
which  are  appropriate  to  call  up  particular  emotions.  We 
do  not  laugh  at  a  painful  sight,  nor  does  a  ludicrous  sight 
cause  us  to  weep;  and  this,  physiologically  considered, 
merely  means  that  the  nervous  machinery  whose  action  is 
accompanied  by  one  emotion,  will  only  respond  to  one  kind  of 
very  specialized  and  complex  stimulation ;  it  will  not  respond 
to  another  and  probably  in  many  respects  very  similar  kind  of 
stimulation,  which,  nevertheless,  is  competent  to  evoke  re- 
sponses from  another  and  probably  very  similar  piece  of  nervous 
machinery.  And  thus,  also,  it  is  with  Beasoning  and  Judg^ 
ment.  Reasoning,  on  its  physiological  side,  is  merely  a  series 
of  highly  complicated  nervous  changes,  regarding  which  the 
only  thing  we  certainly  know  is,  that  not  one  of  them  can 
take  place  without  an  adequate  physical  accompaniment,  and 
therefore  that  on  its  physiological  side  a  train  of  reasoning  is 
a  series  of  nervous  changes,  every  one  of  which  must  be 
produced  by  physical  antecedents.  And  hence  on  its  objec- 
tive side  every  step  in  a  train  of  reasoning  consists  in  a 
selective  discrimination  among  all  those  exceedingly  delicate 
stimuli  which,  on  their  subjective  side,  we  know  as  argu- 
ments. Similarly  regarded.  Judgment  is  likewise  nothing 
more  than  the  final  result  of  the  incidence  of  a  vast  number 
of  very  delicate  stimuli ;  and  this  final  result,  like  all  the 
intermediate  steps  of  the  reasoning  which  led  to  it,  is  nothing 
more  than  the  exercise  of  a  power  to  discriminate  between 
the  stimulus  which  on  its  subjective  side  we  recognize  as  the 
right,  and  that  which  we  similarly  recogtdze  as  the  wrong. 
Lastly,  Volition,  subjectively  considered,  is  the  faculty  of 
consciously  selecting  motives ;  and  motives,  objectively  con- 
sidered, are  nothing  more  than  immensely  complex  and 
inconceivably  refined  stimuli  to  nervous  action. 

If  we  turn  from  the  ascending  scale  of  mental  faculties 
in  man,  to  the  ascending  scale  of  mind  in  the  animal  king- 
dom, we  shall  meet  with  further  and  still  more  definite  evi- 
dence that  the  distinguishing  property  of  mind,  on  its 
physiological  side,  consists  in  this  power  of  discriminating 
between  different  kinds  of  stimuli,  irrespective  of  their 
degrees  of  mechanical  intensity.    But,  before  giving  a  brief 
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review  of  the  evidence  on  this  point,  I  may  here  meet  a 
difficulty  which  has  already  arisen.    The  difficulty  is  that  I 
began  by  showing  it  necessary  to  define  Mind  as  the  power 
of  exercising  Choice,  and  then  proceeded  to  define  the  latter 
as  a  power  belonging  only  to  agents  that  are  able  to  feel. 
Yet,  on  looking  at  the  objective  side  of  the  problem,  I 
pointed  out  that  the  physiological  or  objective  equivalent  of 
Choice  is  found  to  occur  in  its  simplest  manifestations  at 
least  as  low  down  as  the  insectivorous  plants,  which  are 
certainly  not  agents  capable,  in  any  proper  sense  of  the  term, 
of  feeling.    Therefore  it  seems  that  my  conception  of  what 
constitutes  Choice  is  in  antagonism  with  my  view  that  the 
essential  element  of  Choice  is  found  to  occur  among  organ- 
isms which  cannot  properly  be  supposed  to  feel.    And  this 
antagonism,  or  inherent  contradiction,  is  a  real  one,  though  I 
hold  it  to  be  unavoidable.    For  it  arises  from  the  fact  that 
neither  Feeling  nor  Choice  appears  upon  the  scene  of  life 
suddenly.    We  cannot  say,  within  extensive  limits,  where 
either  can  properly   be  said  to  begin.    They  both  dawn 
gradually,  and  therefore  in  our  everyday  use  of  these  terms 
we  do  not  wait  to  consider  where  they  are  first  applicable ; 
we  only  apply  them  where  we  see  their  applicability  to  be 
apparent.    But  when  we  endeavour  to  use  these  same  terms 
in  strict  psychological  analysis,  we  are  at  once  met  with  the 
difficulty  of  drawing  the  line  where  the  terms  are  applicable 
and  where  they  are  not.    There  are  two  ways  of  meeting  the 
difficulty.    One  is  to  draw  an  arbitrary  line,  and  the  other  is 
not  to  draw  any  line  at  all ;  but  to  carry  the  terms  down 
through  the  whole  gradation  of  the  things  until  we  arrive  at 
the  terminal  or  root-principles.   By  the  time  that  we  do  arrive 
at  these  root-principles,  it  is  no  doubt  true  that  our  terms  have 
lost  all  their  original  meaning ;  so  that  we  might  as  well  call 
an  acorn  an  oak,  or  an  egg  a  chicken,  as  speak  of  a  Dionoea 
feeling  a  fly,  or  of  a  Drosera  choosing  to  close  upon  its  prey. 
Yet  this  use,  or  rather  let  us  call  it  abuse,  of  terms  serves  one 
important  purpose  if,  while  duly  regarding  the  change  of 
meaning  which  during  their  gradual  descent  the  terms  are 
made  gradually  to  undergo,  we  thus  serve  to  emphasize  the 
fact  that  they  refer  to  things  which  are  the  product  of  a 
gradual  evolution — things  which  came  from  other  things  as 
unlike  to  them  as  oaks  to  acorns  or  chickens  to  eggs.    And 
this  is  my  justification  for  tracing  back  the  root-principles  of 
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Feeling  and  of  Choice  into  the  vegetable  kingdom.  If  it  is 
true  that  plants  manifest  so  little  evidence  of  Feeling  that 
the  term  can  only  be  applied  to  them  in  a  metaphorical  sense, 
it  is  also  true  that  the  power  of  Choice  which  they  display  is 
of  a  similarly  undeveloped  character ;  it  is  limited  to  a  single 
act  of  discrimination,  and  therefore  no  one  would  think  of 
applying  the  term  to  such  an  act,  until  analysis  reveals  that 
in  such  a  single  act  of  discrimination  we  have  the  germ  of 
all  volition. 

Let  it  therefore  be  understood  that  the  difficulty  which 
we  are  considering  arises  merely  from  the  gradual  manner  in 
which  the  faculties  in  question  arose.  The  rudimentary 
power  of  discriminative  excitability  which  a  plant  displays 
is  commensurate  with  the  rudimentary  power  of  selective 
adjustment  which  it  manifests  in  its  movements  ;  and,  just  a^; 
the  one  is  destined  by  developmental  elaboration  to  become  a 
self-conscious  subjectivity,  so  the  other  is  destined,  by  a 
similar  elaboration,  to  become  a  deliberative  volition. 

I  shall  now  briefly  glance  at  the  ascending  scale  of 
organisms,  with  the  view  of  showing  that  this  proportional 
relation  between  the  grade  of  receptive  and  that  of  executive 
ability  is  manifested  throughout  the  series.  I  desire  to  make 
it  plain  that  the  power  of  discrimination  which  in  its  higher 
manifestations  we  recognize  as  Feeling,  and  the  power  of 
selective  adjustment  which  in  its  higher  manifestations  we 
recognize  as  Choice,  are  developed  together,  and  throughout 
their  development  are  commensurate. 

Amoeba  is  able  to  distinguish  between  nutritious  and  non- 
nutritious  particles,  and  in  correspondence  with  this  one  act 
of  discrimination  it  is  able  to  perform  one  act  of  adjustment ; 
it  is  able  to  enclose  and  to  digest  the  nutritious  particles, 
while  it  rejects  the  non-nutritious.  Some  protoplasmic  and 
unicellular  organisms  are  able  also  to  distinguish  between 
light  and  darkiaess,  and  to  adapt  their  movements  to  seek  the 
one  and  shun  the  other ;  while  in  "  Animal  Intelligence  " 
some  observations  are  given  which  seem  to  show  that  the 
discriminative  and  adjustive  powers  of  these  organisms  may 
go  farther  even  than  this.  The  insectivorous  plants,  as  we 
have  already  seen,  are  able  to  distinguish,  not  only  between 
nutritious  and  non-nutritious  particles,  but  also  between 
different  kinds  of  contact ;  and,  in  correspondence  with  this 
advance  in  receptive  power,  we  observe  a  commensurate 
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advance  in  the  mechanism  of  adaptive  movement.  Number- 
less other  cases  of  such  simple  powers  among  plants  might 
here  be  noticed ;  but  none  of  them  rise  above  the  level  of 
distinguishing  between  one  or  two  alternatives  of  stimula- 
tion, and  su!  ivpljdng  the  correspondingly  simple  movements 
of  response.  Where  nerve-structure  first  appears,  we  find 
that  the  animals  which  present  it — the  MedusoB — have  organs 
of  special  sense  wherewith  to  distinguish  with  comparative 
delicacy  and  rapidity  between  light  and  darkness,  and 
probably  also  between  sound  and  silence.  They  are  also 
provided  with  an  elaborate  tentacular  apparatus,  wherewith 
they  are  able  to  distinguish  quickly  and  accurately  between 
moving  and  not  moving  objects  coming  upon  them  from 
various  sidos,  as  well  as  between  nutritious  and  non-nutri- 
tious particles.  And  in  correspondence  with  this  advance  of 
receptive  capacity  we  observe  a  considerable  advance  of 
executive  capacity — the  animals  being  highly  locomotive, 
swimming  away  rapidly  from  sources  of  contact  which  they 
distinguish  as  dangerous,  and  manifesting  several  other  reflex 
actions  of  a  similarly  adaptive  kind.  Thus,  also,  tho  higher 
organizations  of  Star-fish,  Worms,  &c.,  while  serving  to  E".pply 
the  neuro-muscular  mechanisms  with  still  more  detailed 
information  regarding  the  outer  world,  serve  likewise  to 
supply  them  with  the  means  of  executing  a  greater  variety 
of  adaptive  movements.  In  the  MoUusca,  again,  we  observe 
another  advance  in  both  these  respects;  the  animals  feel 
their  way  witL  sensitive  feelers,  select  varied  kinds  of  food, 
choose  mates  of  their  own  species  to  pair  with,  and  may  even 
remember  a  particular  locus  as  their  home,  &c.  Among  the 
Articulata  the  lower  forms  present  co-ordinated  movements 
which  are  few  and  simple  as  compared  with  the  many  and 
varied  movements  of  the  higher  members  of  the  class ;  and 
their  powers  of  distinguishing  between  stimuli  are  propor- 
tionally small.  But  in  the  complicated  anatomy  of  the 
Crabs  and  Lobsters  there  is  a  large  provision  for  the  co-ordina- 
tion of  movements,  and  the  selective  actions  axe  correspond- 
inglv  numerous  and  varied;  while  among  the  Insects  and 
Spiders  the  power  of  muscular  co-ordination  surpasses  that 
of  the  lower  Vertebrata,  and  the  power  of  inteUigent  adapta- 
tion, assisted  by  delicate  antennas  and  highly  perfected  organs 
of  special  sense,  is  also  greater.  And  the  same  principles 
hold  throughout  the  Yertebrated  series.    It  has  already  been 
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retnarked  by  M:?.  Spencer  that  there  is  here  a  general  corre- 
spondence to  be  observed  between  the  possession  of  organs 
capable  of  varied  lictions,  and  the  degree  of  intelligence  to 
which  the  animal  attains.  Thus  of  Birds  the  Parrots  are  the 
most  intelligent,  and  they,  more  than  any  other  members  of 
their  class,  are  able  to  use  theii  feet,  beaks,  and  tongues  in  the 
examination  of  objects.  Similarly,  the  wonderful  intelligence 
of  the  Elephant  may  be  safely  considered  as  correlated  with 
the  no  less  wonderful  instrument  of  co-ordinated  movement 
which  he  possesses  in  his  trunk ;  while  the  superior  intelli- 
gence of  the  Monkey,  and  the  supreme  intelligence  of  Man 
may  no  less  safely  be  considered  as  correlated  with  the  still 
more  wonderful  instrument  of  co-ordinated  movement  which 
has  attained  to  almost  ideal  perfection  in  the  human  hand. 
Again,  and  more  generally,  we  may  say  that  throughout  the 
animal  kingdom  the  powers  of  sight  and  of  hearing  stand  in 
direct  ratio  to  the  powrrs  of  locomotion;  and  the  latter  are 
conducive  to  the  growth  of  intelligence.* 

We  may  now  observe  that  this  correlation  between 
muscular  and  mental  evolution — or,  more  generally,  between 
power  of  discrimination  and  variety  of  adaptive  movements 
— is  only  what  we  should  expect  to  find  d  priori.  For  it  is 
clear  that  the  development  of  the  one  function  could  be  of  no 
use  without  that  of  the  other.  On  the  one  hand,  it  would  be 
of  no  use  to  an  organism  that  it  should  be  able  to  discern  a 
stimulus  as  hurtful  or  beneHcial,  if  at  the  same  time  it  lacked 
the  power  of  co-ordinated  movement  necessary  to  adapting 
itself  to  the  result  of  its  discernment ;  and,  on  the  other 
hand,  it  would  be  equally  useless  that  an  organism  should 
possess  tk '  needful  power  of  co-ordinated  movement,  if  at 
the  same  time  it  lacked  the  power  of  discernment  which 
alone  could  render  the  power  of  co-ordinated  movement  use- 
ful. Now  we  know  that  all  the  mechanisms  of  muscular 
co-ordination  are  correlated  with  mechanisms  of  nervous  co- 
ordination, and,  indeed,  that  the  former  without  the  latter 
would  be  utterly  useless.    Yet  we  know  next  to  nothing  of 

*  The  Dog  and  Cat  teem  at  flnt  tight  to  oonititiite  an  exooption  to  the 
principle  above  tet  forth  i  but  it  mutt  he  remembered  that  both  theio 
animalt,  and  all  their  tribe,  pottett  rery  efficient  initnimentt  of  touch  and 
movemauta  in  their  tonguet,  lipt,  and  jawt,  at  well  at  to  tome  extent  in  the 
pawi.  I  think  the  tuperior  intelligence  of  the  Ootoput,  among  rooUuikt,  it 
to  be  attributed  to  the  exceptional  auTantagea  which  are  rendered  bjr  itt  large 
and  fleiible,  tentitiTe  and  powerful  armt. 
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the  ultimate  nervous  mechanisms  which  play  down  upon  the 
muscular  mechanisms ;  we  only  see  a  mazy  mexus  of  cells 
and  fibres,  the  very  function  of  which,  much  less  their  inti- 
mate mechanism,  could  not  be  guessed,  were  it  not  that  we 
have  the  grosser  mechanisms  of  the  muscular  system  whereby 
to  study  the  effects  of  these  finer  mechanisms. 

Muscular  co-ordinations,  then,  are  so  many  indices,  "  writ 
large,"  of  corresponding  co-ordinations  taking  place  in  the 
nervous  system.  Now  we  have  seen  that  mental  processes 
may  be  regarded  as  indices  in  precisely  the  same  way,  and 
indeed  that,  like  muscular  movements,  they  are  the  only 
indices  we  have  of  the  operations  of  the  nervous  mechanisms 
with  which  they  are  connected.  Moreover,  we  have  seen 
that  when  this  new  set  of  indices  has  reached  a  certain  level 
of  development,  marking  of  course  a  corresponding  level 
of  development  in  the  nervous  system,  it  begins  unmistake- 
aoly  to  show  tliat  the  functions  of  receptive  discrimination 
and  of  adaptive  movement  are  taking  yet  another  point  of 
departure  in  the  upward  course  of  their  development — that 
the  nervous  system  is  beginning  to  discriminate  between 
novel  and  enoraiously  complex  stimuli,  having  reference  not 
only  to  immediate  results,  but  also  to  remote  contingencies  ; 
we  see  in  short  that  the  nervous  mechanism  is  beginning  to 
develope  those  higher  functions  of  discriminative  and  adaptive 
ability  which  on  their  subjective  side  we  know  as  rational. 

Therefore  it  is  clear  that  these  two  faculties  not  only  do 
but  mttst  proceed  together.  Every  advance  in  the  power  of 
discrimination  will  be  followed,  in  the  life  of  the  individual 
and  in  that  of  the  species,  by  efforts  towards  the  movements 
of  needful  adaptation,  and  in  all  cases  where  such  movements 
require  an  advance  on  the  previous  power  of  co-ordination, 
such  advance  will  be  favoured  by  natural  selection.  Thus 
every  advance  in  the  power  of  discrimination  favours  an 
advance  of  the  power  of  co-ordination.  And,  conversely,  we 
may  now  remark  that  every  advance  in  the  power  of  co- 
ordination favours  an  advance  of  the  power  of  discrimina- 
tion. For,  as  a  greater  power  of  co-ordinated  movement 
implies  the  bringing  of  nerve-centres  into  new  and  more 
varied  relations  with  the  outer  world,  there  is  thus  afforded 
to  the  nerve-centres  a  propoitionately  increased  opportunity 
of  discrimination— an  opportunity  which  will  sooner  or  later 
Im)  Bure  to  bo  utilized  by  natural  selection. 
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Thus  the  two  faculties  are,  as  it  were,  necessarily  bound 
together.  But  here  another  consideration  arises.  They  are 
thus  bound  together  only  up  to  the  point  at  which  the  adap- 
tive movements  are  dependent  upon  the  machinery  supplied 
by  nature  to  the  organism  itself.  As  soon  as  the  power  of 
discrimination  has  advanced  far  enough  to  be,  not  only  con- 
sciously precipient,  but  deliberatively  rational,  a  wholly  new 
state  of  things  is  inaugurated.  For  now  the  organism  is  no 
longer  dependent  for  its  adjustments  upon  the  immediate 
results  of  its  own  co-ordinated  movements.  From  the  time 
that  a  stone  was  first  used  by  a  monkey  to  crack  a  nut,  by  a 
bird  to  break  a  shell,  or  even  by  a  spider  to  balance  its  web, 
the  necessary  connexion  between  the  advance  of  mental  dis- 
crimination and  muscular  co-ordination  was  severed.  With 
the  use  of  tools  there  was  given  to  Mind  the  means  of  pro- 
gressing independently  of  further  progress  in  muscular  co- 
ordination. And  so  marvellously  has  the  highest  animal 
availed  itself  of  such  means,  that  now,  among  the  civilized 
races  of  mankind,  more  than  a  million  per  cent,  of  his  adjus- 
tive  movements  are  performed  by  mechanisms  of  his  own 
construction.  Wonderful  as  are  the  muscular  co-ordinations 
of  a  tight-rope  dancer,  they  are  nothing  in  point  of  utility  as 
compared  with  the  co-ordinated  movements  of  a  spinning- 
jenny.  Therefore,  although  man  owes  a  countless  debt  of 
gratitude  to  the  long  line  of  his  brutal  ancestry  for  bequeath- 
ing to  him  so  surpassingly  exquisite  a  mechanism  as  that  of 
the  human  body — a  mechanism  without  which  it  would  be 
impossible  for  him,  with  any  powers  of  mind,  to  construct 
the  artificial  mechanisms  which  he  does— still  man  may  justly 
feel  that  his  charter  of  superiority  over  the  lower  animals  is 
before  all  else  secured  by  this,  that  his  powers  of  adjustive 
movement  have  been  emancipated  from  their  necessary 
alliance  with  his  powers  of  muacular  co-ordination. 

I  nay,  from  his  powers  of  muHcular  co-ordination,  because 
it  is  evident  that  our  powers  of  adjustive  movement,  and  so 
of  adaptation  in  general,  have  never  been,  and  can  never  he, 
emancipated  from  a  necessary  alliance  with  our  powers  of 
nervous  co-ordination. 


I  shall  now  sum  up  the  results  of  our  enquiry  so  far 
as  it  has  hitherto  gone.  First,  we  found  the  Criterion  of 
Mind,  ejectively  considered,  to  consist  in  the  exhibition  of 
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Choice,  and  the  evidence  of  Choice  we  found  to  consist  in  the 
performance  of  adaptive  action  suited  to  meet  circumstances 
which  have  not  been  of  such  frequent  or  invariable  occur- 
rence in  the  life-history  of  the  race,  as  to  have  been  specially 
and  antecedently  provided  for  in  the  individual  by  the  in- 
herited structure  of  its  nervous  system.  The  power  of  learn- 
ing by  individual  experience  -  is  therefore  the  criterion  of 
Mind.  But  it  is  not  an  absolute  or  infallible  criterion ;  all 
that  can  be  said  for  it  is  that  it  is  the  best  criterion  available, 
and  that  it  serves  to  fix  the  upper  limit  of  non-mental  action 
more  precisely  than  it  does  the  lower  limit  of  mental ;  for  it 
is  probable  that  the  power  of  feeling  is  prior  to  that  of  con- 
sciously learning. 

Having  thus  arrived  at  the  best  available  criterion  of 
Mind  considered  as  an  eject,  we  next  proceeded  to  consider 
the  objective  conditions  under  wliich  known  Mind  is  invari- 
ably found  to  occur.  This  led  us  briefly  to  inspect  the 
structure  and  functions  of  the  nervous  system,  and,  while 
treating  of  the  pliysiology  of  reflex  action,  we  found  that 
everywhere  the  nervous  machinery  is  so  arranged  that  there 
is  no  alternative  of  action  presented  to  the  nerve-centres 
other  than  that  of  co-ordinating  the  group  of  muscles  over 
the  combined  contractions  of  which  they  severally  preside. 
The  question  therefore  arose — How  are  we  to  explain  the  fact 
that  tlie  anatomical  plan  of  a  nerve-centre  with  its  attached 
nerves  comes  to  be  that  which  is  needed  thus  to  direct  the 
nervous  stimuli  into  the  channels  required  ?  The  answer  to 
this  question  we  found  to  consist  in  the  property  which  ia 
shown  by  nervous  tissue  to  grow  by  use  into  the  directions 
which  are  required  for  further  use.  This  subject  is  as  yet 
an  obscure  one— especially  where  the  earliest  stages  of  such 
adaptive  growth  are  concerned — but  in  a  general  way  we  can 
understand  that  hereditary  usage,  combined  with  natural  selec- 
tion, may  have  been  alone  suflicient  to  construct  the  number- 
less reflex  mechanisms  which  occur  in  the  animal  kingdom. 

Passing  from  reflex  action  to  cerebral  action,  we  first 
noticed  that  as  the  cerebral  hemispheres  pretty  closely  re- 
semble in  their  intimate  structure  ganglia  in  general,  there 
can  be  no  reasonable  doubt  that  the  mode  of  their  operation 
is  substantially  the  same.  Moreover  we  noted  that,  as  such 
operation  is  here  unquestionably  attended  with  mental  action, 
a  strong  presumption  arises  that  the  one  ought  to  constitute 
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a  kind  of  obverse  reflection  of  the  other.  Turning,  therefore, 
to  contemplate  this  presumably  obverse  reflection,  we  found 
that  in  many  respects  it  is  most  strikingly  true  that  the 
fundamental  principles  of  mental  operation  correspond  with 
the  fundamental  principles  of  ganglionic  operation.  Thus,  we 
found  that  such  is  the  case  with  memory  and  the  association 
of  ideas,  both  of  which  we  found  to  have  their  objective 
counterparts  in  the  powers  of  non-mental  acc^uisition  which 
are  presented  by  the  lower  ganglia.  For  we  found  that  these 
ganglia  unconsciously  learn  such  exercises  as  they  are  made 
fi-equently  to  perform,  that  they  forget  their  exercises  if  too 
long  an  interval  is  allowed  to  elapse  between  the  times  of 
practising  them,  but  that  even  when  apparently  quite  for- 
gotten such  exercises  are  more  easily  re-acquired  than 
originally  they  were  acquired.  More  particularly  we  found 
that  the  association  of  ideas  by  contiguity  presents  a  remark- 
ably detailed  resemblance  to  the  association  of  muscular 
movements  by  contiguity.  For,  agreeing  to  take  ideas  as  the 
objective  analogues  of  muscular  movements,  we  observed  when 
we  thus  changed  the  index  of  nervous  operation  from  muscles 
to  ideas,  that  the  strongest  evidence  was  yielded  of  the  method 
of  nervous  evolution  being  everywhere  uniform.  Thus  we 
remarked  that  sensations,  perceptions,  ideas,  and  emotions  all 
more  or  less  resemble  muscular  co-ordinations  in  that  they 
am  usually  blended  states  of  consciousness,  wherein  each  con- 
stiiuent  part  must  correspond  with  the  activity  of  some 
particular  nervous  element — a  variety  of  such  elements  being 
therefore  concerned  in  the  composite  state  of  consciousness, 
just  as  a  variety  of  such  elements  are  concerned  in  a  com- 
Dined  movement  of  muscles.  Further,  just  as  the  associa- 
tion of  ideas  is  not  restricted  to  a  blending  of  simultaneous 
ideas  into  one  composite  idea,  but  extends  to  a  linking  of  one 
idea  with  another  in  serial  succession ;  so  we  saw  that  mus- 
cular movements  exhibit  a  precisely  analogous  tendency  to 
reour  in  the  same  serial  order  as  that  in  which  they  have 
previously  occurred.  Lastly,  we  noted  that  all  the  patholo- 
gical derangements  which  arise  in  the  nerve-centres  that 
fireside  over  muscular  activities,  have  their  parallels  in  simi- 
ar  derangements  which  arise  in  the  nerve-centres  that  are 
concerned  in  mental  activities. 

Having  thus  dealt  with  the  Physical  Basis  of  Mind,  we 
passed  on  in  the  next  chapter  to  consider  the  Koot-principles 
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of  Mind.  Here  the  object  was  to  trace  the  ultimate  principles 
of  physiology  that  might  be  taken  as  constituting  the  objec- 
tive side  of  those  phenomena  which  on  their  subjective  and 
ejective  sides  we  regard  as  mental.  These  principles  we 
found  to  be  the  power  of  discriminating  between  different 
kinds  of  stimuli  irrespective  of  their  relative  degrees  of 
mechanical  intensity,  coupled  with  the  power  of  performing 
adaptive  movements  suited  to  the  results  of  such  discrimina- 
tion. These  two  powers,  or  faculties,  we  saw  to  occur  in 
germ  even  among  the  protoplasmic  and  unicellular  organisms, 
and  we  saw  that  from  them  upwards  all  organization  may  be 
said  to  consist  in  supplying  the  structures  necessary  to  an 
ever-increasing  development  of  both  these  faculties,  which 
always  advance,  and  must  necessarily  advance,  together. 
When  their  elaboration  has  proceeded  to  a  certain  extent, 
they  begin  gradually  to  become  associated  with  Feeling,  and 
when  they  are  fully  so  associated,  the  terms  Choice  and  Pur- 
pose become  to  them  respectively  appropriate.  Continuing 
in  their  upward  course  of  evolution,  they  next  become  con- 
sciously deliberative,  and  eventually  rational.  But  although 
when  viewed  from  the  subjective  or  ejective  side  they  thus 
appear,  during  the  upward  course  of  their  development,  to 
become  transformed  from  one  entity  to  another,  such  is  not 
the  case  when  they  are  viewed  from  their  objective  side. 
For,  when  viewed  from  their  objective  side,  the  most  elaborate 
process  of  reasoning,  or  the  most  comprehensive  of  judg- 
ments, is  seen  to  be  nothing  more  than  a  case  of  exceedingly 
refined  discrimination,  by  highly-wrought  nervous  structures, 
between  stimuli  of  an  enormously  complex  character ;  while 
the  most  far-sighted  of  actions,  adapted  to  meet  the  most 
remote  contingencies  of  stimulation,  is  nothing  more  than  a 
neuro-muscular  adjustment  to  the  circumstances  presented  by 
the  environment. 

Thus,  if  we  again  take  mental  operations  as  indices 
whereby  to  study  the  more  refined  working  of  nervous  centres, 
as  we  take  muscular  movements  to  be  so  many  indices, 
"  writ  large,"  of  the  less  refined  working  of  such  centres, 
we  again  find  forced  upon  us  the  truth  that  the  method  of 
nervous  evolution  has  everywhere  been  uniform;  it  has 
everywhere  consisted  in  a  progressive  development  of  the 
power  C/f  discriminating  between  stimuli,  combined  wiUi  the 
complementary  power  of  adaptive  response. 


EXPLANATION  OF  THE  DIAGRAM. 
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CHAPTER  V. 


Explanation  of  the  Dugram. 


We  have  now  sufficiently  considered  the  sundry  first  prin- 
ciples and  preliminary  questions  which  lie  at  the  threshold  of 
our  subject  proper.  It  seemed  to  me  desirable  to  dispose  of 
these  principles  and  questions  before  we  enter  upon  our 
attempt  at  tracing  the  probable  history  of  Mental  Evolution. 
But  now  that  these  first  principles  and  preliminary  questions 
have  been  disposed  of,  so  far  as  their  nature  renders  possible, 
the  way  is  as  clear  as  it  can  be  for  us  to  pursue  our  enquiry 
concerning  the  Genesis  of  Mind.  In  order  to  give  definition 
to  the  somewhat  laborious  investigation  on  which  we  are  thus 
about  to  embark,  I  have  thought  it  a  good  plan  to  draw  a 
diagram  or  map  of  the  probable  development  of  Mind  from 
its  first  beginnings  in  protoplasmic  life  up  to  its  culmination 
in  the  brain  of  civilized  man.  The  diagram  embodies  the 
results  of  my  analysis  throughout,  and  will  therefore  be 
repeatedly  alluded  to  in  the  course  of  that  analysis — i.e., 
throughout  the  present  and  also  my  future  work.  I  may 
therefore  begin  by  explaining  the  plan  of  this  diagram. 

The  diagram,  as  I  have  just  said,  is  intended  to  represent 
in  one  view  the  whole  course  of  mental  evoUition,  supposing, 
in  accordance  with  our  original  hypothesis,  such  evolution  to 
have  taken  place.  Being  a  condensed  epitome  of  the  results 
of  my  analysis,  it  is  in  all  its  parts  carefully  drawn  to  a 
scale,  the  ascending  grades  or  levels  of  which  are  everywhere 
determined  by  the  evidence  which  I  shall  have  to  adduce. 
The  diagram  is  therefore  not  so  much  the  product  of  my  indi- 
vidual imagination,  as  it  is  a  summary  of  all  the  facts  which 
science  has  been  able  so  far  to  furnish  upon  the  subject ;  and 
although  it  is  no  doubt  true  that  the  progress  of  science  may 
affect  the  dia{;ram  to  the  extent  of  altering  some  of  its  details, 
I  feel  confident  that  the  general  structure  of  our  knowledge 
ooncenJng  the  evolution  of  mind  is  now  sutticiently  coherent 
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to  render  it  highly  improbable  that  this  diagrammatic  repre- 
sentation of  it  will,  in  the  future,  be  altered  in  any  of  its 
main  features  by  any  advances  that  science  may  be  destined 

to  make. 

From  the  groundwork  of  Excitability,  or  the  distinguish- 
ing peculiarity  of  living  matter,  I  represent  the  structure  of 
mind  as  arising  by  a  double  root — Conductility  and  Discrimi- 
nation. To  what  has  already  been  said  on  these  topics  it  is 
needless  to  add  more.  "We  have  seen  that  the  distinguishing 
property  of  nerve-fibre  is  that  of  transmitting  stimuli  by  a 
propagation  of  molecular  disturbance  irrespective  of  the  pas- 
sage of  a  contraction  wave ;  and  this  property,  laying  as  it 
does  the  basis  for  all  subsequent  co-ordination  of  pi-otoplasmic 
(muscular)  movements,  as  well  as  of  the  physical  aspect  of 
all  mental  operations,  deserves  to  be  marked  off  in  our  map 
as  a  distinct  and  important  principle  of  development ;  it  is 
the  principle  which  renders  possible  the  executive  faculty  of 
appropriately  responding  to  stimuli.  Not  less  deserving  of 
similar  treatment  is  the  cognate  principle  of  Discrimination, 
which,  as  we  have  seen,  is  destined  to  become  the  most 
important  of  the  functions  subsequently  distinctive  of  nerVe- 
cells  and  ganglia.  But  we  have  also  seen  that  both  Conduc- 
tility and  Discrimination  first  appear  as  manifested  by  the 
cellular  tissues  of  plants,  if  not  even  in  some  forms  of 
apparently  undifferentiated  protoplasm.  It  is,  however,  only 
when  these  two  principles  are  united  within  the  limits  of  the 
same  structural  elements  that  we  first  obtain  optical  evidence 
of  that  differentiation  of  tissue  which  the  histologist  recognizes 
as  nervous ;  therefore  I  have  represented  the  function  of 
nerve-tissue  in  its  widest  sense,  Neurility,  as  formed  by  a 
confluence  of  these  two  root-principles.  Neurility  then 
passes  into  Reflex  Action  and  Volition,  which  I  have  repre- 
sented as  occupying  the  axis  or  stem  of  the  psychological 
tree.  On  each  side  of  this  tree  I  have  represented  the  out- 
growth of  branches,  and  for  the  sake  of  distinctness  I  have 
confined  the  branches  which  stand  for  the  faculties  of  Intellect 
on  one  side,  while  placing  those  which  represent  the  Emotions 
upon  the  other.  The  level  to  which  any  branch  attains  re- 
presents the  degree  of  elaboration  which  the  faculty  named 
thereon  presents ;  so  that,  for  instance,  when  the  branch 
Sensation,  taking  origin  from  Neurility,  proceeds  to  a  certain 
level  of  development,  it  gives  off  the  commencement  of  Per- 
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ception,  and  then  continues  in  its  own  line  of  development  to 
a  somewhat  higher  level.  Similarly,  Imagination  arises  out 
of  Perception,  and  so  with  all  the  other  branches.  Thus,  the 
fifty  levels  which  are  drawn  across  the  diagram  are  intended 
to  represent  degrees  of  elaboration ;  they  are  not  intended  to 
represent  intervals  of  time.  Such  being  the  case,  the  various 
products  of  mental  evolution  are  placed  in  parallel  columns 
upon  these  various  levels,  so  as  to  exhibit  the  comparative 
degrees  of  elaboration,  or  evolution,  which  they  severally 
present.  One  of  these  columns  is  devoted  to  the  psycho- 
logical scale  of  intellectual  faculties,  and  another  to  the 
psychological  scale  of  the  emotional.  But  for  the  danger  of 
rendering  the  diagram  confused,  these  faculties  might  have 
been  represented  as  secondary  branches  of  the  psychological 
tree ;  in  a  model  this  might  well  be  done,  but  in  a  diagram  it 
would  not  be  practicable,  and  therefore  I  have  restricted  the 
branching  structure  to  represent  only  the  most  generic  or 
fundamental  of  the  psychological  faculties,  and  relegated  those 
of  more  specific  or  secondary  value  to  the  parallel  columns  on 
either  side  of  the  branching  structure.  In  these  two  columns 
I  have  throughout  written  the  name  of  the  faculty  at 
what  I  conceive  to  be  the  earliest  stage,  or  lowest  level  of  its 
elaboration ;  t.e.,  where  it  first  gives  evidence  of  its  existence. 
In  another  parallel  column  I  have  given  the  grades  of  mental 
evolution  which  I  take  to  be  characteristic  of  sundry  groups 
in  the  animal  kingdom,  and  in  yet  another  column  I  have 
represented  the  grades  of  mental  evolution  which  I  take  to 
be  characteristic  of  different  ages  in  the  life  of  an  infant. 

In  my  subsequent  work  I  shall  fill  up  all  the  levels  in 
these  vertical  columns  which  are  now  left  blank,  on  account 
of  the  text  of  the  present  work  being  restricted  to  the  mental 
evolution  of  animals.  At  first  I  intended  in  this  work  to 
truncate  the  whole  diagram  at  the  level  where  mental  evolu- 
tion in  animals  ends — t.e.,  at  the  level  marked  28 — and  to 
reserve  the  continuation  of  the  stem  and  branches,  as  well  as 
that  of  the  parallel  columns,  for  my  ensuing  work.  But 
afterwards  I  thought  it  was  better  to  supply  the  continuation 
of  the  stem  and  branches,  in  order  to  show  the  proportion 
which  I  conceive  to  obtain  between  the  elaboration  of  the 
higher  faculties  as  they  occur  in  animals  and  the  same 
faculties  as  they  occur  in  man. 

Confining,  then,  oui'  attention  to  the  first  twenty-eight 
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levels  with  which  alone  the  present  essay  is  to  be  concerned,  if 
we  pitch  upon  any  one  of  them  at  random,  we  shall  obtain  a 
certain  rough  estimate  of  the  grade  of  mental  evolution  which 
is  presented  by  the  animals  named  upon  that  level. 

To  avoid  misapprehension  I  may  add  that  in  thus  render- 
ing a  diagrammatic  representation  of  the  probable  course  of 
mental  evolution  with  the  comparisons  of  psychological 
development  exhibited  in  the  parallel  columns,  I  do  not 
suppose  that  the  representation  is  more  than  a  rough  or 
general  outline  of  the  facts ;  and,  indeed,  I  have  only 
resorted  to  the  expedient  of  l  as  representing  the  latter  for 
the  sake  of  convenience  in  my  subsequent  discussion.  Rough 
as  this  outline  of  historical  psychology  may  be,  it  will  serve 
its  purpose  if  it  tends  to  facilitate  the  exposition  of  evidence, 
and  afterwards  serves  as  a  dictionary  of  reference  to  the  more 
important  of  the  facts  wliich  I  hope  this  evidence  will  be  able 
to  substantiate. 

Such  being  the  general  use  to  which  I  intend  to  put  the 
diagram,  I  may  here  most  fitly  make  this  general  remark  in 
regard  to  it.  In  the  case  alike  of  the  stem,  branches,  and  the 
two  parallel  colimins  on  either  side — i.e.,  all  the  parts  of  the 
diagram  which  serve  to  denote  psychological  faculties — we 
must  remember  that  they  are  diagrammatic  rather  than  truly 
representative.  For  in  i  iture  it  is  as  a  matter  of  fact  impos- 
sible to  determine  any  hard  and  fast  lines  between  the  com- 
pleted development  of  one  faculty  and  the  first  origin  of  the 
next  succeeding  faculty.  The  passage  from  one  faculty  to 
another  is  throughout  of  that  gradual  kind  which  is  charac- 
teristic of  evolution  in  general,  and  which,  while  never  pre- 
venting an  eventual  distinction  of  species,  always  renders  it 
impossible  to  draw  a  line  and  say — Here  species  A  ends  and 
species  B  begins.  Moreover,  I  cannot  too  emphatically  im- 
press my  conviction  that  any  psychological  classification  of 
faculties,  however  serviceable  it  may  be  for  purposes  of 
aualvsis  and  discussion,  must  necessarily  be  artificial.  It 
would,  in  my  opinion,  be  a  most  erroneous  view  to  take  of 
Mind  to  regard  it  as  really  made  up  of  a  certain  number  of 
distinct  faculties — as  erroneous,  for  example,  as  it  would  be 
to  regard  the  body  as  made  up  of  the  faculties  of  nutrition, 
excitability,  generation,  and  so  on.  All  such  distinctions  are 
useful  only  for  the  purposes  of  analysis ;  they  are  abstractions 
of  our  own  making  for  our   own  convenience,  and   not 
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naturally  distinct   parts  of   the  structure  which  we   are 
examining. 

But  although  it  is  desirable  to  keep  these  caveats  in  our 
memory,  I  do  not  think  that  either  the  artificial  nature  of 
psychological  classification  or  the  fact  that  we  have  to  do 
with  a  gradual  process  of  evolution,  constitutes  any  serious 
vitiation  of  the  mode  of  representation  which  I  have  adopted. 
For,  on  the  one  hand,  some  classification  of  faculties  we  must 
have  for  the  purposes  of  our  inquiry ;  and,  on  the  other  hand, 
I  have  as  much  as  possible  allowed  for  the  unavoidable  defect 
in  the  representation  which  arises  from  evolution  being 
gradual,  by  making  the  branches  of  the  arborescent  structure 
wide  at  their  bases,  and  by  allowing  each  of  them,  after  giving 
off  the  next  succeeding  branch,  to  continue  on  its  own  course  of 
development ;  so  that  both  the  parent  and  daughter  faculty 
are  represented  as  occupying  for  a  more  or  less  considerable 
distance  the  same  levels  of  development — in  each  case  my 
estimate  of  the  comparative  elaboration  which  the  completed 
faculty  betokens  being  represented  by  the  vertical  height  of 
its  apex.  Besides,  as  already  stated,  faculties  named  in  the 
two  parallel  columns  are  written  upon  those  levels  where  I 
have  either  a  priori  reasons  or  actual  evidence  to  conclude 
that  they  first  definitely  appear  in  the  growing  structure  of 
Mind;  in  this  way  the  difficult  question  of  assigning  the 
lower  limit  of  evolution  at  which  any  pai-ticular  faculty 
begins  to  dawn  is  as  much  as  possible  avoided. 

It  is  almost  needless  to  add  that  in  preparing  this  diagram 
I  have  resorted  to  speculation  in  as  small  a  measui-e  as  the 
nature  of  the  subject  permits.  Nevertheless  it  is  obvious 
that  the  nature  of  the  subject  is  such  that,  in  order  to  com- 
plete the  diagram  in  some  of  its  parts,  I  have  been  obliged  to 
resort  to  speculation  pretty  largely.  I  think,  however,  that 
as  the  exposition  proceeds,  it  will  be  seen  that,  if  the  funda- 
mental hypothesis  of  mental  evolution  having  taken  place  is 
granted,  my  reasoning  as  to  the  probable  history  of  the  pro- 
cess does  not  anywhere  involve  speculation  of  an  extravagant 
or  dangerous  kind.  In  matters  of  detail — such,  for  instance, 
as  the  comparative  elevation  of  the  different  branches  in  the 
psychological  tree — my  estimates  may,  probably  enough,  be 
more  or  less  erroneous  ;  but  the  main  facts  as  to  the  sequence 
of  the  faculties  in  the  order  of  their  comparative  degrees  of 
elaboration  are  mere  corollaries  from  our  fundamental  hypo- 
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thesis ;  and,  as  we  shall  see,  these  facts,  as  I  have  presented 
them,  are  sustained  or  corroborated  by  many  others  drawn 
from  observations  on  the  psychology  of  animals  and  children. 
Again,  in  the  columns  devoted  to  the  emotions  and  faculties 
of  intellect,  the  results  of  actual  observation  predominate  over 
those  yielded  by  speculation ;  while  in  the  remaining  columns 
the  results  tabulated  are  for  the  most  part  due  to  observa- 
tion. 

Therefore  I  submit  that  if  the  hypothesis  of  mental 
evolution  be  granted,  and  if  all  the  matters  of  observable 
fact  which  the  diagram  serves  to  express  are  eliminated,  com- 
paratively little  in  the  way  of  deductive  reasoning  is  left ; 
and  of  this  little  most  follows  as  necessary  consequence  from 
the  original  hypothesis  of  mental  evolution  having  taken 
place.  Of  course  any  one  who  does  not  already  accept  the 
theory  of  evolution  in  its  entirety,  may  object  that  I  am 
thus  escaping  from  the  charge  of  speculation  only  by  assum- 
ing the  truth  of  that  which  grants  me  all  that  I  require.  To 
this  I  answer  that  as  far  as  the  evidence  of  Mental  Evolution, 
considered  as  a  fact,  is  open  to  the  charge  of  bemg  specula- 
tive, I  must  leave  the  objector  to  lodge  his  objection  against 
Mr.  Darwin's  "  Origin  of  Species  "  and  "  Descent  of  Man."  I 
shaP  be  abundantly  satisfied  with  my  own  work  if,  taking 
the  process  of  Mental  Evolution  as  conceded,  I  can  make  it 
clear  that  the  main  outlines  of  its  history  may  be  determined 
without  any  considerable  amount  of  speculation,  as  dis- 
tinguished from  deduction  following  by  way  of  necessary 
consequence  from  the  original  hypothesis. 

Having  thus  explained  the  plan  and  principles  of  the 
diagram,  I  shall  now  consider  the  levels  from  the  lowest  as 
far  as  the  rise  of  the  first  branch,  i.e.,  from  1  to  14.  After 
what  has  already  been  said  in  the  foregoing  chapters  on  the 
Physical  Basis  and  Root-principles  of  Mind,  our  consideration 
of  this  part  of  the  diagram  need  not  detain  us  long. 

Levels  1  to  4  are  occupied  by  Excitability,  Protoplasmic 
Movements,  Protoplasmic  Organisms,  and  the  generative 
elements  which  have  not  yet  united  to  start  the  ;fonbr}'o  of 
Man.  From  4  to  9  we  have  the  levels  filled  by  the  rise  and 
progress  of  the  functions  Conductility  and  Discrimination, 
which  by  their  subsequent  union  at  9  lay  the  basis  of 
N  eurility,  or  the  stem  of  Mind ;  in  these  levels  occur  the 
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Non-nervous  Adjustments,  Unicellular  Organisms,  and  part  of 
the  Life-history  of  the  Embryo.  Between  9  and  14  is  repre- 
sented the  development  of  Neurility  and  its  passage  into 
Reflex  Action;  the  parallel  columns  within  this  space  are 
therefore  respectively  filled  with  Partly-nervous  Adjustments 
and  the  beginning  of  True  Nervous  Adjustments,  Unknown 
Animals,  probably  Coelenterata,  perhaps  extinct,  and  another 
portion  of  the  Life-history  of  the  Embryo.  I  here  speak  of 
"unknown  animals"  because,  so  far  as  investigation  has 
hitherto  gone,  the  animals  in  which  nerve-tissue  first  began 
to  be  differentiated  have  not  yet  been  found.  In  the  lowest 
animals  where  this  tissue  has  been  found — ^tHe  Medusse — it 
appears  as  already  well  differentiated.  The  ganglion  cells, 
however,  show  in  a  most  unmistakeable  manner  their  parent- 
age from  epithelium — their  structure,  in  fact,  often  resembling 
that  of  modified  epithelium  more  than  that  of  'rue  nerve- 
cells.*  In  these  structui'es,  therefore  (as  in  the  analogous 
histological  elements  met  vrith  in  the  embryonic  nerve-tissue 
of  higher  animals),  we  have  a  link  which  connects  true  nerve- 
tissue  with  its  cellular  ancestry,  and  thus  it  is  comparatively 
immaterial  whether  or  not  the  animals  which  presented  the 
earlier  stages  of  this  histological  transition  are  still  in  exist- 
ence. Thus  we  need  not  wait  to  discuss  Kleinenberg's  view 
on  the  "  neuro-muscular  "  cells  of  Hydra. 

*  See  Prof.  E.  A.  Sch&fer  on  Nervou$  System  of  Aurelia  Avrita,  Phil. 
TranB.,  1878,  and  Profs.  O.  and  B.  Hertwig  on  Da»  Nervmuyttem  und  die 
8i»neiorgaM  der  Medmeen. 
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CHAPTER  VI. 

Consciousness. 

Hitherto  in  this  work  I  have  been  considering,  as  exclu- 
sively as  the  nature  of  the  subject  pennits,  the  physical  or 
objective  aspect  of  mental  processes,  and  of  the  antecedents 
of  these  processes  in  the  non-mental  activities  of  living 
organisms.  It  now  devolves  upon  us  to  turn  to  the  sub- 
jective side  of  the  matter,  and  still  more  closely,  I  may 
observe,  to  the  ejective  side  of  it.  That  is  to  say,  from  this 
point  onward  my  endeavour  will  be  to  trace  the  probable 
course  of  Mental  Evolution  by  having  regard  to  truly  mental 
phenomena,  ^o  far  as  these  admit  of  analysis  by  subjective 
or  ejective  methods.  I  desire,  therefore,  to  draw  prominent 
attention  to  the  fact  that  from  this  point  in  my  treatise  I 
take,  as  it  were,  a  new  departure ;  for  if  this  is  not  kept  in 
mind,  my  exposition  may  appear  to  resemble  two  separate 
essays  bound  together  rather  than  one  continuous  whole.  In 
my  endeavour  to  draw  a  sharp  line  of  demarcation  between 
the  physiology  £\nd  the  psychology  of  my  subject,  I  have 
found  it  impossible  to  discuss  the  one  without  numerous 
allusions  to  the  other — the  consequence  being  that  hitherto, 
while  treating  as  exclusively  as  I  oould  of  the  pliysiology  of 
vital  processes,  I  have  been  obliged  frequently  to  refer  to  the 
psyohology  of  mental  processes,  a  knowledge  concerning  the 
main  facts  of  which  I  have  taken  for  granted  on  the  part  of 
any  one  who  is  likely  to>  read  this  book.  Thus  it  happens 
that  in  now  turning  to  investigate  the  psychology  of  these 

{)rooes8es,  it  is  impossible  to  avoid  a  certain  amoimt  of  over- 
apping  with  what  has  gone  before.  For  example,  in  my 
chapter  on  the  Physical  Basis  of  Mind,  it  was  clearly  impos- 
sible not  to  allude  to  such  leading  principles  of  psyohology 
as  sensation,  perception,  ideation,  and  others.  Therefore,  in 
now  undertaking  an  investigation  of  these  various  principles 
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in  the  order  of  their  probable  evolution,  it  may  often  appear 
that  I  am,  as  it  were,  going  back  upon,  or  in  part  repeating, 
what  I  have  already  said.  But  this  apparent  defect  in  the 
method  of  my  exposition  will,  I  think,  be  seen  on  closer 
attention  to  be  more  than  compensated  for  by  the  advantage 
of  avoiding  confusion  'w^ween  physiology  and  psychology. 
It  would,  for  instance,  have  been  easy  to  have  split  up  the 
chapter  on  the  Physical  Basis  of  Mind  already  alluded  to, 
and  to  have  apportioned  its  various  parts  to  those  among  the 
succeeding  chapters  which  treat  of  the  psychological  aspects 
of  the  physiological  principles  set  forth  in  those  various 
parts;  but  the  result  would  have  been  largely  to  have 
obscured  the  doctrine  which  I  desired  to  make  plain  through- 
out— viz.,  that  all  mental  processes  must  be  regarded  as  pre- 
senting physical  counterparts.* 

So  much  in  explanation  of  my  method  being  understood, 
I  shall  begin  the  psychology  of  mental  evolution  by  con- 
sidering that  in  which  the  mind-element  must  be  regarded  as 
consisting — namely.  Consciousness.  Turning  to  the  diagmm, 
it  will  be  observed  that  I  have  written  the  word  "Con- 
sciousness '*  in  a  perpendicular  direction,  beginning  at  level  14 
and  extending  to  level  19.  My  reason  for  doing  this  is 
because  the  rise  of  Consciousness  is  probably  so  gmdual,  and 
certainly  so  undefined  to  observation,  that  any  attempt  to 
draw  the  line  at  which  it  does  arise  would  be  impossible, 
even  on  the  rough  and  general  scale  wherewith  I  have  endea- 
voured to  draw  the  lines  at  wliich  the  sundry  mental  faculties 
may  be  regarded  as  taking  origin.  Therefore  I  havv)  repre- 
sented the  rise  of  Consciousness  as  occupying  a  consklerable 
area  in  our  representative  map,  instead  of  a  definite  line. 
This  area  I  make  to  begin  with  the  first  development  of 
"  Nervous  Ad^juatments,"  and  to  terminate  with  the  earliest 
appearance  of  the  power  of  associating  ideas. 

In  now  proceeding  to  justify  this  assignment  of  limits 
between  the  earliest  dawn  of  Consciousness  and  the  place 
where  Consciousness  may  first  be  regarded  as  truly  such,  I 
may  best  begin  by  saying  that  I  shall  not  attempt  to  define 

*  It  neaint  almost  needloii  to  add  that  the  {mpoMihility  of  entirely  Hcpa- 
mliitR  mjchnlogv  from  ph.vtinlogy  for  tlio  purponpn  of  t>x|ionition  will,  mvtnfiit 
mutaitait,  continue  to  moot  ur  more  or  lei<i>  throngliout  the  following,  an  it 
hoM  throughout  the  preotnlinK  ohapteni  i  but  I  ahM  endeavour  nlwayn  to 
make  it  clear  when  I  am  ipeaking  of  mental  pK)c<i<Mes  and  whon  of  phy»ii'al. 
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what  is  meant  by  Consciousness.  For,  like  the  word  "  Mind," 
"  Consciousness  "  is  a  term  which  serves  to  convey  a  meaning 
well  and  generally  understood,  but  a  meaning  which,  from 
the  peculiar  nature  of  the  case,  cannot  be  comprehended  in 
any  definition.  If  we  say  that  a  man  or  an  animal  is  con- 
scious, we  mean  that  the  man  or  animal  displays  the  power  of 
Feeling,  and  if  we  ask  what  we  mean  by  Filing,  we  can  only, 
I  think,  answer — that  which  distinguishes  Non-extended 
Existence  frpin  Extended.  Deeper  than  this  we  cannot  go, 
because  Consciousness,  being  itself  the  basis  of  all  thought, 
and  so  of  all  dofiuition,  cannot  be  itself  defined  except  as  the 
antithesis  of  its  logical  correlative — No-consciousness. 

Let  us  first  regard  the  phenomena  of  Consciousness  as 
disclosed  in  our  own  or  subjective  experience.  We  shall 
subsiMjueiitly  see  tlmt  the  elementary  or  undecomposable 
units  of  consciousness  are  what  we  call  sensations.  If  we 
interrogate  experience  we  find  that  an  elementary  state  of 
consciousness,  or  sensation,  may  exist  in  any  degree,  from 
that  of  an  almost  unruco<{nizable  aifcction,  up  to  that  of 
unendural)le  pain,  which  monopolizes  the  entire  field  of  con- 
sciousness. More  than  this,  from  the  lowest  limit  of  per- 
ceptible sensation  there  arises  a  long  and  indefinite  descent 
through  sensation  that  is  not  perceptible,  or  thnmgh  sensation 
that  is  sub-conscious,  before  we  arrive  at  nervous  action 
which  we  feel  entitled  to  regard  as  unconscious.  This  is 
proved  by  those  grades  of  almost  unconscious  action,  passing 
at  last  into  wholly  unconscious  action,  which  we  all  know  as 
frequently  occurring  in  the  descent,  through  repetitit>n  or 
habit,  of  consciously  intelligent  adjustments  to  automatic 
acyustments,  or  adjustments  performed  unconsciously.  Thus 
it  is  evident,  not  only  that  consciousness  admits  of  numlwrless 
degrees  of  intensity,  but  that  in  its  lower  degrees  its  tiscent 
from  no-consciousness  is  so  gradual,  that  even  within  the 
range  of  our  own  subjective  experience  we  find  it  impossible 
to  determine  within  wide  limits  where  consciousness  first 
emerges.* 

With  this  gmdual  dawn  of  consciousness  as  revealed  to 
subjective  analysis,  we  should  expect  some  facts  of  physiology, 
or  of  objective  analysis,  to  correspond ;  and  this  we  do  find. 


•  Any  one  who  Hm  ffraduallj  faintml,  or  hiw  ilowly  hotrn  put  iimlor  t.| 
influenco  of  an  nnmthotic,  will  n>moiub«*r  tlio  peculiar  oijwriuaoa  of  fuc" 
oonaiuouineH  becoming  oblitcniUHi  bjr  stuaoi:  *♦-  d    fm^  ^>«^  *  *  7-'  "• 
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For  in  our  own  organisms  we  know  that  reflex  actions  are 
not  accompanied  by  consciousness,  although  the  complexity 
of  the  neuro-muscular  systems  concerned  in  these  actions 
may  be  very  considerable.  Clearly,  therefore,  it  is  not  mere 
complexity  ofjran^onic  action  tliat  determines  conscioug- 
hess.  \Vliatrtnen,  is  the  difference  betvveen  Che  mode  of» 
operation  of  the  cerebral  hemispheres  and  that  of  the  lower 
ganglia,  which  may  be  taken  to  correspond  with  the  great 
subjective  distinction  between  the  consciousness  which  may 
attend  the  former  and  the  no-consciousness  which  is  inva- 
riably characteristic  of  the  latter  ?  I  think  the  only  difference, 
that  can  be  pointed  to  is  a  difference  of  rate  or  tinie.  We* 
know  Tjy  actuaTliiieasurement,  as  we  shailT  subsequenCly  see 
in  more  detail,  tuat  ^he  cerebral  henii8pheres_jyork  more 
8lowly_jyhile  undergomg...thflae  changes  which  are  accom- 
])anied  by  conscioiisness  than  .,18- the  case  with  the  activities 
of  the  lower  centres.  In  other  words,  the  pBrtod'  between  the 
fall  of  a  stimulus  and  the  occurrence  of  responsive  movement 
is  notably  longer  if  the  stimulus  has  first  to  be  perceived,  than 
it  is  if  no  perception  is  required.  And  this  is  proved,  not 
only  by  companng  the  latent  period  (or  the  time  which 
elapses  between  the  stimulation  and  the  response)  in  the  case 
of  an  action  involving  one  of  the  1owp<"  centres  and  that  of  an 
action  involving  the  cerebral  hemispheres  in  perception ;  but 
also  by  comparing  the  latent  period  in  the  case  of  one  and 
the  same  cerebral  action  which  from  having  originally  involved 
perception  has  through  repetition  become  automatic.  An  old 
sportsman  will  have  his  gun  to  the  shoulder,  by  an  almost 
unconscious  act,  the  moment  that  a  bird  unexpectedly  rises ; 
a  novice  similarly  surprised  will  spend  a  valuable  second  in 
"  taking  in  "  the  situation.  And  any  number  of  similar  facts 
might  1)0  given  to  show  that  if  few  things  are  "  as  quick  as 
thought,"  reflex  or  automatic  action  is  one  that  is  quicker. 
Further,  in  a  general  way  it  can  be  shown  that  the  more 
elaborate  a  state  of  consciousness  is,  tlie  more  time  is  required 
for  its  elaboration,  as  wo  shall  see  more  in  detail  when  we 
come  to  treat  of  Perception. 

Now  what  does  this  greater  consumption  of  time  imply  ? 
It  clearly  implies  that  th(i  nervous  mechanism  concerned  hos 
iKit  been  fullv  habituated  to  the  pertonnance  of  the  resjionse 
required,  and  therefore  that  instead  of  the  stimulus  merely 
needing  to  touch  the  trigger  of  a  ready-  formed  apparatus  of 
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response  (however  complex  this  may  be),  it  has  to  give  rise 
in  the  nerve-centre  to  a  play  of  stimuli  before  the  appropriate 
ro»poi:<»e  is  yielded.  In  the  higher  planes  of  conscious  life 
this  plav  of  stimuli  in  the  presence  of  "difficult  circum- 
stances is  known  as  indecision ;  but  even  in  a  simple  act  of 
consciousness — such  as  that  of  signalling  a  perception — more 
time  is  required  by  the  cerebral  hemispheres  in  supplying  an 
appropriate  response  to  a  non-habitual  experience,  than  is 
required  by  the  lower  nerve-centres  for  performing  the  most 
complicated  of  retiex  actions  by  way  of  response  to  their 
habitual  experience.  In  the  latter  case  the  routes  of  nervous 
discharge  have  been  well  worn  by  use ;  in  the  former  case 
these  routes  have  to  be  determined  by  a  complex  play  of 
forces  amid  the  cells  and  fibres  of  the  cerebral  hemispheres. 
And  this  complex  play  of  forces,  which  finds  its  physiological 
expression  in  a  reng£lieiiTiig"ortire'li^ 
a  psychologitFaT  expression  in  the  rise  of  cousciousnessT 

The  function,  tlien,  of  the  ceretHuTTiemispheres "  is  that  of 
dealing  with  stimuli  which,  although  possibly  and  in  a  com- 
parative sense  simple,  are  yet  so  varied  in  character  that 
special  reflex  mechanisms  have  not  been  set  aside  to  deal 
with  them  in  one  particular  way ;  and  it  is  the  consequent 
perturbation  cf  these  highest  nerve-centres  in  dealing  with 
such  stimuli  that  is  accompanied  by  the  phenomena  uf  con- 
sciousness. Or,  in  the  words  of  Mr.  Spencer,  "  there  cannot 
be  co-ordination  of  many  stimuli  without  some  ganglion 
through  which  they  are  all  brought  into  relation.  In  the  pro- 
cess of  bringing  them  into  relation,  this  ganglion  must  be 
subject  to  the  influence  of  each — must  undergo  many  changes. 
And  the  quick  succession  of  changes  in  a  ganglion,  implying 
as  it  does  peri)etual  experiences  of  differences  and  likenesses, 
constitutes  the  raw  material  of  consciousness."* 

Thus  we  see,  so  far  as  we  can  ever  perhaps  hope  to  see, 
how  conscious  action  gradually  arises  out  of  reflex.  As  the 
stimuli  to  bo  dealt  with  become  more  complex  and  varied 
(owing  to  the  advancing  evolution  of  organisms   bringing 

•  PrincipleM  of  Pt/ffholoflif,  vol.  i,  p.  485.  I  tliink,  liowovcr,  that  Mr. 
fipcncpr  id  not  Butnci^ntly  oxplii-it,  either  in  th(>  nhovn  quototl  pnawf^c  or  clue- 
wliori",  in  iiUowinK  that  "  tho  raw  mntoriiil  of  conHfiounnt'SB  "  in  not  neocHHnrily 
conilitiitoii  br  the  nu>ri>  romjilerifi/  of  giinglioiiic  action.  Indeod,  at  I  have 
Hiiid,  Biicli  ooinploxily  in  iuclf  lioos  not  api'our  to  havo  unythinK  to  do  with  the 
rite  of  oonttnontint'iiH,  except  in  ro  fur  aa  it  nuiy  bo  c«)nduciy«  to  what  we  may 
term  the  ganglionic  friction,  whicli  is  cxprcsiicd  by  delay  of  n<iipon»o. 
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them  into  more  and  more  complex  and  varied  relations  with 
their  environment),  the  primitive  assignment  of  a  special 
nervous  mechanism  to  meet  the  exigencies  of  this  or  that 
special  group  of  stimuli  becomes  no  longer  practicable,  and 
the  higher  ner,  e-centres  have  therefore  to  take  on  the  func- 
tion of  focussing  many  and  more  or  less  varied  stimuli,  in 
order  to  attain  to  that  higher  aptitude  of  discrimination  in 
which  we  have  already  seen  to  consist  the  distinctive  attri- 
bute of  Mind.  And,  as  Mr.  Spencer  has  observed,  "  the  co- 
ordination of  many  stinmli  into  one  stimulus  is,  so  far  as  it 
goes,  a  reduction  of  diffused  simultaneous  changes  into  con- 
centrated serial  changes.  Wliether  the  combined  nervous 
acts  which  take  place  when  the  Hy-catcher  seizes  an  insect 
are  regarded  as  a  series  passing  through  its  centre  of  co- 
ordination iu  rapid  succession,  or  as  consolidated  into  two 
successive  states  of  its  centre  of  co-ordination,  it  is  equally 
clear  that  the  changes  going  on  in  its  centre  of  co-ordination 
Itave  a  much  more  decided  linear  arrangement  than  have  tlie 
changes  going  on  in  the  scattered  ganglia  of  a  centipede." 
And  this  linear  character  of  the  change  is,  of  course,  one  of 
the  most  distinctive  features  of  consciousness  as  known  to 
ourselves  subjectively. 

It  will  have  been  observed  that  this  interpretation  of  the 
rise  of  consciousness  is  purely  empirical.  We  know  by 
immediate  or  subjective  analysis  that  consciousness  only 
occurs  wlien  a  nerve-centre  is  engaged  in  sucli  a  focussing 
of  varied  or  compamtively  unusual  stimuli  as  have  been 
described,  and  when  as  a  preliminary  to  this  focussing  or  act 
of  discriminative  adjustment  there  arises  in  the  nerve-centre 
a  comparative  turmoil  of  stimuli  coursing  in  more  or  less 
unaccustomed  directions,  and  tlierefore  giving  rise  to  a  com- 

girative  delay  in  the  occurrence  of  the  eventual  response, 
ut  we  are  totally  in  the  dark  as  to  the  causal  connection,  if 
any,  between  such  a  slate  of  tumoTTTn  aj[ariglion  jiiul  tfie" 
qreuyf6Tice~or"conacl0^nes8.^  Wliether  il  is  The 'AiigeTCliat 
(lesconds  to  IrouWe'the  waters,  or  the  troul)ling  of  the  waters 
that  calls  down  the  Angel,  is  really  the  question  which  divides 
the  Spiritualists  from  the  Materialists ;  but  with  this  question 
we  have  nothing  to  do.  It  is  enough  for  all  the  objects  of 
the  present  work  that  we  never  get  the  Angel  without  the 
troubling,  nor  the  troubling  without  the  Angel ;  we  have  an 
empirical  association  between  the  two  which  is  as  valid  for 
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the  purposes  of  merely  historical  psychology  as  would  be  a 
full  understanding  of  the  causal  connection,  if  there  is  any 
such  connection  to  be  understood. 

So  much,  then,  for  the  physical  conditions  under  which 
consciousness  is  always  and  only  found  to  occur.  It  remains 
briefly  to  conclude  this  chapter  by  showing  that  these  con- 
ditions may  moLt  reasonably  be  regarded  as  first  arising 
within  the  limits  between  which  I  have  represented  the 
origin  of  consciousness. 

Kemembering  what  has  already  been  said  concerning  the 

gradual  or  undefined  manner  in  which  consciousness  probably 

dawned  upon  the  scene  of  life,  and  that  I  therefore  represent 

its  rise  as  occupying  a  wide  area  on  the  diagram  instead  of  a 

definite  line,  I  think  it  least  objectionable  to  place  the  begin- 

njng  of  this  dawn  in  nervous  adjustments  or  reflex  actioU; 

anathe  end  of  it  in  the  association  of  ideas.    For,  on  the  one 

I  hand,  it  is  clear  from  what  has  been  said  that  it  is  impossible 

Ito  draw  any  definite  line  between  reflex  and  conscious  action, 

jinasrauchnas,  considered^  objectively  or  as  actionj'the  Tatter 

l^fiere  from  the  former,  not  in  kind,  but  onljrjja  a  jgi^ual 

advance  in  the  degree  of  central  co-ofdmation  of  stimuH. 

co-ordiiaation 


m  tue  degree 
Tlierefore,  where  such 


ceiitml  co-ordmation  is  ffrst  well 
established,  as  it  is  in  the  mechanism  of  the  simplest  reflex 
act,  there  I  think  we  may  with  least  impropriety  mark  the 
advent  of  consciousness.  On  the  other  hand,  where  vague 
memory  of  past  experiences  first  passes  into  a  power  of  asso- 
ciating simple  ideas,  or  of  remembering  the  connections 
between  memories,  there  I  think  consciousness  may  most 
properly  be  held  to  have  advanced  sufficiently  far  to  admit  of 
OUT  regarding  it  as  fairly  begun. 

In  this  Hi'hame,  therefore — which  of  course  it  is  needless 
to  say  I  prusoiit  lu  a  somewhat  arbitrary  estimate  where  no 
more  preciso  estiinato  is  possible — the  Coelenterata  are  repre- 
sented 08  liiiving  what  Air.  S[)onc«r  calls  "  the  raw  material 
of  coiisciousijoHS,"  the  Ecliinodermata  as  having  such  an 
amount  of  consciousness  as  I  think  we  may  retisonably  sup- 
pose that  they  possess,  if  we  cr)nsider  how  multifarious  and 
complicated  their  reflex  actions  Imve  become,  and  if  we 
remember  that  in  their  spontoneous  movements  the  neuro- 
muscular adjustments  which  they  exhibit  almost  present  the 
appearance  of  being  due  to  intelligence.*    The  Annelida  I 

•  See  Phil.  Trana.,  Croonian  Lecture,  1881. 
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place  upon  a  still  higher  level  of  consciousness,  because,  both 
from  the  facts  mentioned  in  "  Animal  Intelligence"  and  from 
tb  ise  published  by  Mr.  Darwin,*  it  seems  certain  that  their 
actions  so  closely  border  on  the  intelligent  that  it  is  difficult 
to  determine  whether  or  not  they  should  be  classed  as  intel- 
ligent Upon  this  level,  also,  I  represent  the  period  of  the 
embryonic  life  of  Man  as  coming  to  a  close ;  for  although  the 
new-born  child,  from  the  immaturity  of  its  experience,  dis- 
plays no  adjustments  that  can  be  taken  as  indicative  of 
intelligence,  still,  as  its  nerve-centres  are  so  elaborate  (embo- 
dying the  results  of  a  great  mass  of  hereditary  experience, 
which  although  more  latent  in  the  new-born  child  than  in  the 
new-bom  of  many  other  mammals  and  all  birds,  must  still, 
we  shoidd  infer  from  analogy,  count  of  something),  that  we 
can  scarcely  doubt  the  presence  of  at  least  as  mucl)  conscious- 
ness as  occurs  among  tlie  annelids.  Moreover,  pain  appears 
to  be  felt  by  a  new-born  child,  inasmuch  as  it  cries  if  injured ; 
and  although  this  action  may  be  largely  or  chiefly  reflex,  we 
may  from  analogy  infer  that  it  is  also  in  part  due  to  feeling. 
The  remaining  levels  occupied  bj  the  dawn  of  consciousness 
may  be  considered  as  assigned  to  the  lower  Mollusca — an 
assignment  which  I  think  will  be  seen  to  be  justified  by  con- 
sultin;;  the  evidence  given  in  my  former  work  of  actions 
performed  bv  these  animals  of  a  nature  which  is  un(j[ues- 
tionably  intelligent. 

*  See  bis  work  on  Earthuformt,  1881. 
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CHAPTER  VII. 


Sensation. 


By  Sensation  I  mean  simply  Feeling  aroused  hya,  stimulus. 
In  my  usage,  therefore,  the  ierm  is  of  course  exclusive  of 
all  the  metaphorical  meanings  which  it  presents  in  such 
applications  as  "  sensitive  plates,"  &c.  It  is  also  exclusive,  on 
the  one  hand,  of  Reflex^  Action,  as  well  as  of  noiwi^rvous 
a^ustments,  and  oiTtTio  other,  of  Percej^ticm.  Thus,  too,  it  is 
exclusive  of  the  carefully  defined""meanmg  which  it  bears  in 
the  writings  of  Lewes.  He  defined  Sensation  as  the  reaction 
of  a  sense-organ,  whether  or  not  accompanied  by  Feeling,  and 
thus  ho  habitually  speaks  of  unfelt  sensations.  In  his  nomen- 
clature, therefore.  Sensation  is  a  process  of  a  purely  physical 
kind,  with  which  consciousness  may  or  may  not  be  involved. 
In  my  opinion,  however,  it  is  most  desirable,  notwithstanding 
his  elaborate  justification  of  this  use  of  the  term,  to  abide  by 
its  original  signification,  which  I  have  explained.  When  I 
have  occasion  to  speak  of  the  physical  reaction  of  a  sense- 
organ,  I  shall  speak  of  it  as  a  physical  reaction,  and  not  as  a 
sensation.    The  distinction  which,  in  common  with  other 

rychologists,  I  draw  between  a  Sensation  and  a  Perception, 
shall  explain  more  fully  in  the  chapter  where  I  shall  have 
to  treat  of  Perception  Meanwhile  it  is  enough  to  say  that 
the  great  distinction  consists  in  Perception  involving  an 
element  of  Cognition  as  well  as  the  element  of  Feeling. 

tt  is  more  difficult  to  draw  the  distinction  between 
Sensation  and  non-nervous  adjustments,  and  still  more  so 
between  Sensation  and  nervous  acyustments  which  are  un- 
felt (Reflex  Action).  Here,  however,  we  are  but  again 
encountering  the  difficultv  which  we  have  already  con- 
sidered, viz.,  that  of  drawmg  the  line  where  consciousness 
begins ;  and,  as  we  have  previously  seen,  this  difficulty  has 
nothing  to  do  with  the  validity  of  a  clasBification  of  psychical 
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faculties ;  it  only  has  to  do  with  the  question  whether  such 
and  such  a  faculty  occurs  in  such  and  such  an  organism. 
Therefore,  so  long  as  the  question  is  one  of  classifying 
psychical  faculties,  we  can  only  say  that  wherever  there  is 
Feeling  there  is  Sensation,  and  wherever  there  is  no  j'eeling 
tEere  is  no  Sensation.*  But  where  the  question  is  one  of 
classifying  organisms  with  reference  to  their  psychical  facul- 
ties, it  is  clear  that  the  difficulty  of  determining  whether  or 
not  this  and  that  particular  low  form  of  life  has  the  begin- 
nings of  Sensation,  is  one  and  the  same  as  the  question 
whether  it  has  the  beginnings  of  Consciousness.  Now  we 
have  already  considered  this  question,  and  we  have  found  it 
impossible  to  answer;  we  cannot  say  within  broad  limits 
where  in  the  animal  kingdom  consciousness  may  first  be  re- 
garded as  present.  But  for  the  sake  of  drawing  the  line 
somewhere  with  reference  to  Sensation,  I  draw  it  at  the  place 
in  the  zoological  scale  where  we  first  meet  with  organs  of 
special  sense,  that  is  to  say,  at  the  Ccelenterata.  In  doing 
this,  it  Is  needless  to  observe,  I  am  drawing  the  line  quite 
arbitrarily.  On  the  one  hand,  for  anything  that  is  known  to 
the  contrary,  not  only  the  sensitive  plant  which  responds  to 
a  mechanical  stimulus,  but  even  the  protoplasmic  organisms 
which  respond  to  a  luminous  stimulus  by  congregating  in  or 
avoiding  the  light,  may,  while  executing  their  responses,  be 
dimly  conscious  of  feeling ;  and,  on  the  other  hand,  the  mere 
presence  of  an  organ  of  special  sense  is  certainly  no  evidence 
that  its  activities  are  accompanied  by  Sensation.  What  we 
call  an  oipinof  special  sense  is  an  organ  adapted  to  respond 
to  a  special  form  of  stimulation  jTJuf  whether  or  not  the  pro- 
cess  of  response  is  accompanied  by  a  sensation  is  quite 
another  matter.  We  infer  by  a  strong  analogy  that  it  is  so 
accompanied  in  the  case  of  organisms  like  our  own  (whether 
of  men  or  of  the  higher  animals) ;  but  the  vaUdity  of  suth 
inference  clearly  diminishes  with  the  diminishing  strength  of 
the  analogy — i.e.,  as  we  recede  in  the  zoological  and  psycho- 
logical scales  from  organisms  like  our  own  towards  oi;gani8ms 
less  and  less  like. 

Having  thus  made  it  as  clear  as  I  can  that  it  is  only  for 
the  matter  of  convenience  that  I  have  supposed  the  rise  of 
Sensation  to  coincide  with   the  rise  of  organs  of  special 

*  Although  thU  ■oundi  like  a  truUm,  it  U  in  direct  opixMition  to  the 
olaMifioation  of  Lewer,  alluded  to  above. 
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sense,  I  shall  next  proceed  to  take  a  brief  survey  of  the 
animal  kingdom  with  reference  to  the  powers  of  special 
sense.  In  doing  this,  however,  it  is  needless,  and  indeed 
undesirable,  that  I  should  enter  with  much  closeness  into  the 
anatomy  of  the  innumerable  organs  of  special  sensation 
which  the  animal  kingdom  presents.  My  object  is  merely  to 
give  a  general  outline  of  tlie  powers  of  special  sensation  pro- 
bably enjoyed  by  different  classes  of  animals ;  for,  as  these 
powers  constitute  the  foundation  of  all  the  other  powers  of 
mind,  it  is  of  importance  for  us  to  have  a  general  idea  of  the 
grade  of  their  development  in  the  sundry  grades  of  the 
zoological  scale. 

In  some  of  his  recently  published  experiments,  Engel- 
mann  found  that  many  of  the  protoplasmic  and  unicellular 
organisms  are  affected  by  light ;  that  is  to  say,  their  move- 
ments are  influenced  by  liglit,  in  some  cases  causing  accele- 
ration, in  others  slowing,  of  their  movements ;  in  some  cases 
the  organisms  seeking  the  light,  while  in  other  cases  they 
shun  it,  &c.,  &c.  He  found  that  all  these  effects  were  re- 
ducible to  one  or  other  of  three  causes:  (1)  alteration  pro- 
duced by  the  light  in  the  interchange  of  gases,  (2)  consequent 
alteration  in  the  conditions  of  respiration,  and  (3)  specific 
processes  of  luminous  stimulation.  It  is  with  the  latter  only 
that  we  are  concerned,  and  the  organism  which  Engelmann 
names  as  exhibiting  it  typically  is  Engkna  viridis.  After 
precautions  had  been  taken  to  eliminate  causes  1  and  2,  it 
was  still  found  that  this  organism  sought  the  light.  More- 
over, it  was  found  that  it  would  only  do  so  if  the  light  were 
allowed  to  fall  upon  the  anterior  part  of  its  body.  Here 
there  is  a  pigment-spot,  but  careful  experiment  showed  tliat 
this  was  not  the  point  most  sensitive  to  light,  a  colourless 
iiud  transparent  area  of  protoplasm  lying  in  front  of  it  being 
found  to  be  so.  Hence  it  is  doubtful  whether  this  pigment- 
spot  is  or  is  not  to  be  regarded  as  an  exceedingly  primitive 
organ  of  special  sense.  Of  the  rays  of  the  spectrum,  Unglena 
vinilis  prefers  the  blue.* 

The  remarkable  observation  recorded  by  Mr.  H.  J.  Carter, 
F.11.S.,  and  quoted  from  him  in  my  previous  work,t  seems  to 
display  almost  incredible  powers  of  special  sense  among  the 

•  For  full  nccount  of  these  oxnerimonU,  lee  PJlUaer'i  Arehiv.f,  d.  gta. 
Pkyiiologif,  Bd.  XXIX,  1882. 

t  Animal  InUlligtnoe,  pp.  19-21. 
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Rhizopoda;  and  Professor  Heeckel  observes,  in  his  essay  on  the 
"  Origin  and  Development  of  the  Sense-Organs,"  that  "  already 
among  the  microscopic  Protista  there  are  some  that  love  light, 
and  some  that  love  darkness  rather  than  light  Many  seem  also 
to  have  smell  and  taste,  for  they  select  their  food  with  great 
care.  .  .  .  Here  also  we  are  met  by  the  weighty  fact  that 
sense-function  is  possible  without  sense-organs,  without  nerves. 
tu  place  of  these,  sensitiveness  is  resident  in  that  wondrous, 
structureless,  albuminous  substance  which,  under  the  name  of 
protoplasm,  or  organic  formative  material,  is  known  as  the 
general  and  essential  basis  of  all  the  phenomena  of  life." 

Again,  Engelmann  describes  a  chase  of  one  infusorium 
by  another.  The  former  in  its  free  course  happened  to  cross 
the  route  of  a  free-swarming  vorticella.  There  was  no  con- 
tact, but  it  immediately  gave  chase,  and  for  five  seconds  the 
two  darted  about  with  the  utmost  activity,  the  chasing  infu- 
sorium maintaining  a  distance  of  about  -X  mm.  behind  the 
chased  one.  Then,  owing  to  a  sudden  sidewaixl  dart  of  the 
vorticella,  its  purauer  lost  the  object  of  pursuit  The  powers 
of  discrimination  shown  by  certain  deep-sea  protoplasmic 
organisms  in  selecting  sand-grains  of  a  particular  size  where- 
with to  construct  their  tests  has  already  been  alluded  to. 

But  passing  now  to  animals  in  which  we  first  meet  with 
nerves,  viz.,  the  Meduste,  it  is  among  them  also  that  we  first 
meet  with  organs  of  special  sense.  I  have  myself  observed 
that  several  species  of  Medusee  seek  the  light,  following  a 
lantern  if  this  is  moved  round  a  bell-jar  containing  them 
in  a  dark  room.  The  pigmented  bodies  round  the  margin  of 
the  swimming-disk  were  proved  to  be  the  organs  of  special 
sense  here  concerned,  and  the  rays  in. the  spectrum  by  which 
they  are  atfected  were  shown  to  be  conKned  to  the  luminous 
paii;  It  was  further  observed  that  some  genera  of  Medusaa 
iiail  n'(^re  liighly  developed  visual  sensation  than  others.  The 
i(  ast  t  fhcieut  occurs  in  Tiaropsis  polj/diademata,  as  shown  by 
the  pvoionged  interval  of  delay  between  the  fall  of  a  luminous 
stimulus  and  the  occurrence  of  the  response.  As  the  case  is 
an  interesting  one,  I  shall  state  the  particulars  more  fully. 
This  Medusa,  then,  always  responds  to  strong  luminous 
stimulation  by  going  into  a  spasm  or  cramp ;  but  it  wUl  not 
respond  at  all  unless  the  light  is  allowed  to  fall  upon  its 
sense-organs  for  a  period  of  more  than  one  second ;  if  a  slip- 
shutter  is,  opened  and  closed  again  for  a  shorter  period,  no 

9 


^, 


**.'*! 


^*''-?V 


IMAGE  EVALUATION 
TEST  TARGET  (MT-3) 


4„  ^  .  V 


<" 


1.0 


I.I 


l^|2J    |2.5 

ISO     ^^"       ■■■ 

U£  Kii   12.2 
Hf   U£    ||2£ 


li& 


IL25  nil  1.4 


1.6 


Fhotographic 

Sdenoes 

CarporatiQn 


^ 


^v 


*" 


<^ 


23  WnT  MAIN  tTRNT 

WIMTn,N.Y.  Msao 

(7U)l7a>4S0S 


4^ 


<" 


<> 


82  MENTAL  EVOLUTION  IN  ANIMALS. 

response  is  made.  It  therefore  seems  certain  that  here  we 
have  not  to  deal  with  what  physiologists  call  the  period  of 
latent  stimulation,  but  with  the  time  during  which  the  light 
requires  to  fall  in  order  to  constitute  an  adequate  stimulus ; 
just  as  a  photographic  plate  requires  a  certain  period  of  expo- 
sure in  order  to  admit  of  the  luminous  vibrations  throwing 
down  the  salt,  so  with  the  ganglionic  material  of  this  sense- 
organ.  How  different  is  the  efficiency  or  development  of 
such  a  visual  apparatus  from  that  of  a  fully  perfected  retina, 
which  is  able  to  effect  the  needful  nervous  changes  in  response 
to  a  stimulus  as  instantaneous  as  that  supplied  by  a  flash  of 
lightning,*  It  is  remarkable,  looking  to  the  Medusae  as  a 
whole,  in  what  a  wonderful  degree  these  primitive  sense- 
organs  vary  as  to  their  minute  structure  in  different  species. 
Nerve-cells  and  fibres,  wrought  up  into  more  or  less  complex 
forms,  are  clearly  discernible  in  all  those  which  have  hitherto 
been  crirefuUy  examined;  but  when  the  particular  specific 
forms  are  compared  with  one  auother,  it  seems  almost  as  if 
organs  of  special  sense,  where  they  first  undoubtedly  occur 
in  the  animal  kingdom,  revel,  as  it  were,  in  the  variety  of 
forms  which  they  are  able  to  present. 

It  is  probable,  from  the  structure  of  the  lithocysts,  that 
the  Medusae  are  also  affected  by  sonorous  vibrations,  and  it 
is  certain  that  they  are  richly  supplied  with  a  variety  of 
organs  ministering  to  the  sense  of  touch.  For  not  only  are 
they  furnished  with  numerous  long,  highly  sensitive,  and 
contractile  tentacles,  but  in  some  species  the  marginal 
ganglia  are  provided  with  minute  hair-like  appendages, 
which  must  enable  the  nerve-cells  to  which  they  are  attached 
to  be  exceedingly  sensitive  to  anything  touching  the  hairs. 
And,  in  connection  with  the  sense  of  touch  in  the  Medusae,  I 
may  allude  to  my  own  observations  on  the  precision  with 
which  the  point  of  contact  of  a  foreign  body  is  localized. 
A  Medusa  being  an  umbrella-shaped  animal,  in  which  the 
whole  of  the  surface  of  the  handle  and  the  whole  of  the  con- 
cave surface  of  the  umbrella  is  sensitive  to  all  kinds  of  stimu- 
lation, if  any  point  in  the  last-named  surface  is  gently 
touched  with  a  camel-hair  brush  or  other  soft  (or  hard) 

*  For  a  full  aooount  of  these  experiment!,  lee  Phil.  Trant.,  vol.  IA6, 
Ft.  I,  Crooniem  Lecture,  where  it  it  ihown  that  in  other  ipeoiea  of  Mediuas, 
the  senie-organa  of  which  are  more  highly  developed,  there  ii  no  luch  pro> 
longed  delay  in  the  retponie  to  luminous  itimulation. 
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object,  the  handle  or  manubiium  is  (in  the  case  of  many 
species)  immediately  moved  over  to  that  point,  in  order  to 
examine  or  to  brash  away  the  foreign  body.  This  is  especially 
the  case  in  a  species  which  for  this  reason  I  have  called 
Tiaropsis  indicans ;  and  here  it  is  of  interest  to  observe  that 
if  the  nerve-plexus,  which  is  spread  all  over  the  concave  sur- 
face of  the  umbrella,  is  divided  by  means  of  an  incision 
carried  in  the  form  of  a  short  straight  line  parallel  to  the 
margin  of  the  umbrella,  and  if  a  point  below  the  line  of 
incision  is  touched,  the  manubrium  is  no  longer  able  to 
localize  the  seat  of  contact.  Nevertheless  it  feels  that  con- 
tact is  taking  place  somewhere^  for  it  begins  actively  to  dodge 
about  from  side  to  side  of  the  umbrella,  applying  its  ex- 
tremity now  to  one  point  and  now  to  another  of  the  umbrella 
surface,  as  if  seeking  in  vain  for  the  offending  body.  This  of 
course  shows  that  the  stimulus,  on  reaching  the  ends  of  the 
severed  nerve-fibres,  spreads  through  the  general  nerve- 
plexus,  and  so  arriving  at  the  manubrium  by  a  number  of 
different  routes,  conveys  a  corresponding  number  of  conflict- 
ing messages  to  the  manubrium  as  to  the  point  in  the 
umbrella  at  which  the  stimulus  is  being  applied.  This  irra- 
diation of  a  stimulus  into  other  nerve-fibres  when  the 
stimulus  reaches  the  cut  ends  of  the  fibres  which  constitute 
the  habitual  route  of  a  stimulus  between  two  points,  is  ren- 
dered the  more  interesting  from  the  fact  that  in  the  case  of 
the  external  nervous  plexus  of  the  Echinodermata  there  is  no 
vestige  of  such  a  phenomenon. 

So  much  for  the  senses  of  sight  (at  least  to  the  extent  of 
distinguishing  light  from  darkness),  hearing,  and  touch,  as 
localized  in  organs  of  special  sense  among  the  Mednste.  In 
the  allied  Actiniie  Mr.  Walter  Pollock  and  myself  have  ob- 
tained conclusive  evidence  of  the  sense  of  smell.  For  we 
found  that  when  a  morsel  of  food  is  dropped  into  a  pool  or 
tank  containing  sea-anemones  in  a  closed  state,  the  animals 
quickly  expand  their  tentacles.*  It  has  been  said  that  this 
may  be  taken  to  argue  a  sense  of  taste  no  less  than  a  sense  of 
smell ;  but  I  conceive  that  here  no  distinction  can  be  drawn 
between  these  two  senses,  any  more  than  we  can  draw  such  a 
distinction  in  the  analogous  case  of  fish.  Looking,  then,  to  \ 
the  Ccelenterata  as  a  whole,  we  find  that  where  we  first  meet  I 
with  umuistakeable  oi'gans  of  special  sense,  we  also  first  meet ' 

*  See  Journal  Zinnean  Sooietjf,  1882. 
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with  unmistakeable  evidence  of  the  occurrence  of  all  the  five 
senses — or,  more  correctly,  with  unmistakeable  evidence  of  a 
power  of  adaptive  response  to  all  the  five  classes  of  stimuli 
wEcK  respectively  affect  the  five  senses  of  man. 

Coming  next  to  the  Echinodermata,  Professor  Ewart  and 
myself  have  observed  that  Star-fish  and  Echini  crawl  towards 
and  remain  in  the  light,  even  though  this  be  of  such  feeble 
intensity  as  scarcely  to  be  perceptible  to  human  eyes. 
Moreover,  we  proved  that  this  exceedingly  delicate  power  of 
discrimination  between  light  and  darkness  is  localized  in  the 
pigmented  ocelli  situated  at  the  tips  of  the  rays  in  Star-fish, 
and  occupying  the  homologous  positions  in  Echini.  The 
sense  of  touch  we  found  likewise  to  be  highly  delicate,  and 
pi-ovided  for  by  a  variety  of  specially  modified  organs. 
Lastly,  I  found  that  the  sense  of  smell  occurs  in  Star-fish, 
though  it  is  not  localized  in  any  special  olfactory  organs, 
being  in  fact  distributed  equally  over  the  whole  of  the 
ventral  surface  of  the  animal,  to  the  exclusion,  however,  of 
the  dorsal.* 

Among  the  Articulata  we  meet  with  numberless  grades  of 
visual  apparatus,  from  that  of  a  simple  ocellus,  capable  only 
of  distinguishing  light  from  darkness,  up  to  the  greatly 
elaborated  compound  eyes  of  insects  and  the  higher  Crus- 
tacea. These  compound  eyes  are  remarkable  from  the  fact 
that  each  one  of  their  possibly  many  thousand  facets  forms 
an  image  of  the  corresponding  portion  of  the  visual  field — 
the  multitude  of  separate  sensory  impressions  being  then 
combined  into  a  mosaic-like  Vvhole  by  a  sensorial  operation 
taking  place  in  the  cephalic  ganglion.  In  these  compound 
eyes,  moreover,  the  images  are  thrown  upon  the  receptive 
nerve-surface  without  inversion.  In  the  uncompounded  or 
simple  type  of  eye,  on  the  other  hand,  the  image  is  inverted, 
and  as  in  the  case  of  ants  both  kinds  of  eyes  occur  in  the 
same  individual,  it  has  been  thought  a  psychological  puzzle 
how  to  explain  the  fact  that  mental  confusion  "in  the  inter- 
pretation of  images  does  not  result.  A  little  thought,  how- 
ever, will  show  that  the  apparent  puzzle  is  not  a  real  one. 
Thus  it  is  commonly  said  that  we  ourselves  really  see 
objects  reversed,  and  that  long  practice  enables  us  to  correct 
the  erroneous  impressions.    But  this  statement  of  the  case  is 

•  See  Phil.  Tratu..  1881,  Pt.  Ill,  Croonian  Lecture  j  and,  for  smell  in 
Star>fisb,  Jour».  Linn.  Soo.,  18b3. 
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not  correct.  "  We  do  i  really  see  things  reversed,  for  the 
mind  is  not  a  perpendicular  object  in  space,  standing  behind 
the  retina  in  the  manner  that  a  photographer  stands  behind 
his  camera.  To  the  mind  there  is  no  up  or  down  in  the 
retina,  except  in  so  far  as  the  retina  is  in  relation  to  the 
external  world ;  and  this  relation  can  only  be  determined, 
not  by  sight,  but  by  touch.  And  if  only  this  relation  is 
constant,  it  can  make  no  difference  to  the  mind  whether  the 
images  are  direct,  reversed,  or  thrown  upon  the  retina  at  any 
angle  with  reference  to  the  horizon ;  in  any  case  the  corre- 
lation between  sight  and  touch  would  be  equally  easy  to 
establish,  and  we  should  always  see  things,  not  in  the  position 
in  which  they  are  thrown  upon  the  retina,  but  in  that  which 
they  occupy  with  reference  to  the  retina.  Thus  it  really  re- 
quires no  more  '  practice'  correctly  to  interpret  inverted 
images  than  it  does  similarly  to  interpret  upright  images ; 
and  therefore  the  fact  that  some  eyes  of  an  ant  are  sup- 
posed to  throw  direct  images,  while  others  are  supposed  to 
throw  inverted,  is  not  any  real  objection  to  the  theory" 
that  they  do.* 

There  is  no  one  group  in  the  animal  kingdom  where  we 
have  so  complete  a  series  of  gradations  in  the  evolution  of  an 
organ  of  special  sense  as  is  presented  by  the  organ  of  sight  in 
Worms.  "  In  the  lowest  Vermes," — I  quote  from  Professor 
Hseckelf — "the  eye  is  only  made  up  of  individual  pigment-cells. 
In  others,  refractive  bodies  are  associated  with  these,  and  form 
a  very  simple  lens.  Behind  these  refractive  bodies  sensory 
cells  are  developed,  forming  a  retina  of  the  simplest  order 
presenting  a  single  layer,  the  cells  of  which  are  in  connection 
with  extremely  delicate  terminal  fibres  of  the  optic  nerve. 
Lastly,  in  the  Alcipidte,  which  are  highly  organized  AnnelidsB 
that  swim  on  the  surface  of  the  sea,  adaptation  to  this  mode 
of  life  has  brought  about  such  perfect  on  of  the  eye  that  this 
organ  in  these  animals  is  in  no  way  inferior  to  that  of  the 
lower  vertebrata.  In  these  creatures  we  find  a  large  globular 
eye-ball,  enclosing  externally  a  laminated  globular  lens, 
internally  a  vitreous  body  of  large  circumference.  Imme- 
diately investing  these  are  rods  of  the  usual  cells  sensitive  to 
light,  which  are  separated  by  a  layer  of  pigment-cells  from 
the  outer  expansion  of  the  optic  nerva  or  retina.    The  ex- 

•  Quoted  from  an  article  of  my  own  in  Nature,  June  8, 1882, 
t  £t»ay  o»  Origin  and  Development  ^  Sente-organt, 
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ternal  epidermis  invests  the  whole  of  the  prominent  eye-ball, 
and  forms  in  front  of  it  a  transparent  horny  layer,  the 
cornea."  Further,  from  the  more  recent  observations  of 
Mr.  Darwin,  it  is  certain  that  Earthworms,  although  destitute 
of  eyes,  are  able  to  distinguish  with  much  rapidity  and  pre- 
cision between  light  and  darkness ;  and  as  he  found  that  it  is 
only  the  anterior  extremity  of  the  animal  which  displays  this 
power,  he  concludes  that  the  light  affects  the  anterior  ganglia 
immediately,  or  without  the  intervention  of  a  sense-organ.* 
Lastly,  Schneider  says  that  Serpulse  will  suddenly  withdraw 
their  expanded  tufts  when  a  shadow  falls  upon  them ;  but  the 
shadow  must  be  that  of  an  object  moving  with  some  rapidity .-j* 
Turning  now  to  the  sense  of  hearing  in  the  Articulata,  we 
find  the  simplest  type  of  ear  among  the  Vermes,  where  it 
occurs  as  a  closed  globular  vesicle  containing  fluid  in  which 
there  is  suspended  an  otolith.^  In  some  of  the  Crustacea, 
such  as  the  cray-fish  and  lobster,  the  organ  of  hearing  is 
much  more  complex,  and  here,  "  if  we  give  rise,  by  playing 
the  violin,  to  notes  of  varying  pitch,  and  at  the  same  time 
observe  the  auditory  organ  under  the  microscope,  we  see  that 
at  each  note  only  a  particular  auditory  hair  is  set  in  vibra- 
tion."§  Among  Insects  organs  of  hearing  certainly  occur,  at 
least  in  some  species,  although  the  experiments  of  Sir  John 
Lubbock  appear  to  show  that  ants  are  deaf.  The  evidence 
that  some  insects  are  able  to  hear  is  not  only  morphological, 
but  also  physiological,  because  it  is  only  on  the  supposition 
that  they  do  that  the  fact  of  stridulation  and  other  sexual 
sounds  being  made  by  certain  insects  can  be  explained ;  and 
Brunelli  found  that  when  he  separated  a  female  grasshopper 
from  the  male  by  a  distance  of  several  metres,  the  male  began 
to  stridulate  in  order  to  inform  her  of  his  position,  upon 
which  the  female  approached  him.||  I  have  myself  puldlished 
observations  proving  the  occurrence  of  a  sense  of  hearing 
among  the  Lepidoptera.ir  Turning  to  the  morphological  side 
of  the  subject,  it  is  remarkable  that  in  the  Articulata  the 

•  See  Earihworma,  pp.  19-45.  t  -Der  thieritche  Wille,  b.  104. 

X  Earthworms  have  no  ears  and  are  totally  deaf,  although  very  senBitire 
to  vibrations  oommunioated  through  contact  with  solid  bodies.  (See  Ilttrwin, 
loe.  eit.,  pp.  26-7.) 

§  Hncltel,  loo.  eit.,  English  translation,  Iniemational  Library  <^  Soimvt 
and  Freethoughty  vol.  vi,  p.  826. 

y  See  Houieau,  Foe.  Jiim.  d«t  Aninunut,  %.  i,  p.  60. 

TT  See  Nature,  vol.  xr,  p.  177. 
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auditory  organs  occur  among  different  members  of  the  group 
in  widely  different  parts  of  the  body.    Thus  in  the  lobster 
and  cray-fish  they  are  situated  in  the  head  at  the  base  of  the 
antennules,  while  in  some  of  the  crabs  {e.g.^  Mysis)  they  occur 
in  the  tail.     Among  the  Orthoptera,  again,  they  are  found  in 
the  tibiae  of  the  front  legs,  or,  in  other  species,  upon  the  sides 
of  the  thorax.    In  other  insects,  probability  points  to  the 
organs  of  hearing  being  placed  in  the  antennae.    These  facts  i 
prove  that  in  the  Articulata  the  sundry  kinds  of  auditory  { 
organs  m  st  have  arisen  independently,  and  have  not  been  i 
inherited  L  om  a  common  ancestor  of  the  group ;  and  it  is  \ 
remarkable  that  this  should  have  been  the  case  even  within 
the  limits  of  so  comparatively  small  a  subdivision  as  that  1 
which  separates  a  crab  from  a  crayfish  or  a  lobster.*  ' 

There  can  be  no  question  that  the  sense  of  smell  is  well 
developed  in  at  least  many  of  the  Articulata,  although,  save 
in  a  few  cases,  we  are  not  yet  in  a  position  to  determine  the 
olfactory  organs.  Thus  the  account  which  I  quoted  in 
"  Animal  Intelligence"  (p.  24)  from  Sir  E.  Tennent,  concern- 
ing the  habits  of  the  land  leeches  of  Ceylon,  proves  that 
these  animals  must  be  accredited  with  a  positively  astonishing 
delicacy  of  olfactory  perception,  seeing  that  they  smell  the 
approach  of  a  horse  or  a  man  at  a  long  distance.  In  earth- 
worms the  sense  of  smell  is  feeble,  and  seems  to  be  confined 
to  certain  odours.f  Sir  John  Lubbock  has  proved  by  direct 
experiment  that  ants  are  able  to  perceive  odours,  and  that 
they  appear  to  do  so  by  means  of  their  antennae.  The  same 
remark  applies  to  bees,  and  the  general  fact  that  many  insects 
can  smell  is  shown  by  the  general  fact  that  so  many  species 
of  flowering  plants,  which  depend  for  their  fertilization  upon 
the  visits  of  insects,  give  out  odours  to  attract  them.  That 
the  Crustacea  are  able  to  smell  is  rendered  evident  by  the 
rapidity  with  which  they  find  food.  I  have  recently  been 
able  to  localize  the  olfactory  organs  of  crabs  and  lobsters  by 
a  series  of  experiments  which  I  have  not  yet  published,  and 
which  would  occupy  too  much  space  here  to  detail.  I  shall 
therefore  merely  say  that  they  are  situated  in  the  pair  of 
small  antennules.  the  ends  of  which  are  curiously  modified  in 
order  to  perform  the  olfactory  function.    That  is  to  say,  the 

*  AnaloffouB  faota  are  l^  be  obterred  in  the  case  of  the  Eye  among 
YermeB,  and  also,  as  we  shall  preientljr  see,  among  Molliuoa. 
t  Darwin,  loe.  oit.,  p.  80. 
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terminal  joint  works  in  a  vertical  plane,  and  supports  the 
sensory  apparatus,  which  is  kept  in  a  perpetual  jerking  motion 
up  and  down,  so  as  to  bring  that  apparatus  into  sudden  con- 
tact with  any  minute  odoriferous  particles  which  may  be  sus- 
pended in  the  water— just  on  the  same  principle  as  we  our- 
selves smell  by  taking  a  number  of  small  and  sudden  sniffs 
of  air.  Any  one  visiting  an  aquarium  can  have  no  difficulty 
in  observing  these  movements  upon  any  crab  or  lobster  in  a 
healthy  condition. 

The  sense  of  taste  certainly  occurs  at  least  among  some 
species  of  the  Artioulata  (as,  e.g.,  among  the  honey-feeding 
insects),  and  the  sense  of  touch  is  more  or  less  elaborately 
provided  for  in  all. 

Turning  now  to  the  Mollusca,  we  pass  in  a  tolerably 
uniform  series  from  the  simple  eye-spots  of  certain  of  the 
Lamellibranchiata,  through  the  Pteropoda,  to  the  more  com- 
pletely organized  eyes  of  the  Gasteropoda  and  the  Heteropoda. 
^  But  when  we  anive  at  the  Cephalopoda,  we  encounter,  as  it 
were,  a  vast  leap  of  development ;  for  the  eye  of  an  octopus, 
in  point  of  organization,  is  equal  to  that  of  a  fish,  which  it 
so  closely  resembles.  And,  while  remembering  that  the 
resemblance,  striking  though  it  be,  is  only  superficial,  we  must 
not  fail  to  note  that  this  enormous  development  in  the  organi- 
zation of  the  molluscous  eye,  which  brings  it  so  strangely  to 
resemble  the  eye  of  a  fish,  is  clearly  correlated  with  the  no 
less  enormous  development  of  the  neuro-muscular  system  of 
the  animal,  in  which  respect  it  more  resembles  a  fish  than  it 
does  the  other  Mollusca.  This  case  is  therefore  analogous  to 
the  similarly  high  development  which  has  been  attained  by 
the  eye  of  the  swimming  worm  previously  described. 

If  we  look  to  the  Mollusca  as  a  class,  we  meet  with  the 
same  kind  of  variation  in  the  position  of  the  eye  which  we 
have  already  noticed  with  respect  to  theear  in  the  Articulata. 
Thus,  while" in  ^the  Cephalopoda  and  Ga8tefopodar"tTie  ~  eyes 
are  situated  in  the  head,  in  some  of  the  latter  group  there 
are  supplementary  eyes  upon  the  back,  which  greatly  differ 
in  structure  from  the  eyes  in  the  head.  In  the  lamelli- 
branchiata, again,  the  eyes  occur  in  large  numbers  on  the 
margin  of  the  mantle. 

The  sense  of  hearing^s  general  to  all^  the  Molluscaji  and 
the  au^ditory  organs  exhiBit  a  progressive  eliaboration  as  we 
ascend  from  the  lower  to  the  higher  groups,  which  is  analo- 
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gous  to  tliat  already  noticed  with  reference  to  the  organs  of 
sight.  Thus,  among  the  lower  Mollusca  the  organs  of  hearing 
consist  of  a  pair  of  small  vesicles  attached  to  auditory- 
nerves,  and  filled  with  fluid  in  which  an  otolith  is  suspended. 
In  the  Cephalopoda,  however,  while  the  same  general  plan  of 
structure  is  adhered  to,  we  find  an  approximation  to  the 
auditory  apparatus  of  a  fish ;  for  the  vesicle  or  sac  is  now 
embedded  in  the  cartilage  of  the  head,  is  of  larger  size,  and 
in  general  analogous  to  the  organ  of  hearing  of  the  Verte- 
brata.     That  at  all  events  thojnajoritjLoLJi  are 

able  to  smel^  is  proved  by  the  readinesswith  which  tlieyl^nd 
food,  and~the  octopus  is  said  to  show  a  strong  aversion  to 
certain  odours  (Marshall).  In  the  Cephalopoda  the  olfactory 
organs  are  probably  two  small  cavities  near  the  back  of  the 
eye,  and  in  the  other  Mollusca  they  are  sumiised  to  be  situated 
in  the  small  tentacles  near  the  mouth.  Touch  is  provided 
for  both  by  these  and  by  the  larger  tentacles  (as  well  as  by 
the  general  soft  exterior) ;  but  in  the  Cephalopoda  by  the  long, 
snake-like  arms,  which  I  think  must  be  regarded  as  giving 
these  animals  a  greater  power  of  receiving  tactile  impressions 
than  is  enjoyed  by  any  other  marine  animal. 

Among  Fish  sight  is  well  developed.  A  trout  will  dis- 
tinguish a  worm  suspended  in  muddy  water ;  a  salmon  can 
avoid  obstacles  when  swimming  with  immense  velocity  ;  and 
a  Chelmon  rostrattis  can  take  unerring  aim  with  its  little 
water  projectile  at  a  fly.  The  blind  fish,  which  live  habitually 
in  the  dark,  have  lost  their  eyes  merely  from  disuse ;  but  in 
this  connection  it  must  be  noted  that  we  meet  with  a  curious 
biological  puzzle  in  the  case  of  many  of  the  deep  sea  fishes 
dredged  by  the  Challenger.  For  although  living  at  depths  to 
which  no  light  can  be  supposed  to  penetmte,  some  of  these 
fish  have  large  eyes.  It  may  be  suggested  that  the  use  of 
these  eyes  is  that  of  seeing  the  many  self-luminous  forms  of 
life  which,  as  the  Challenger  dredgings  also  show,  inhabit  the 
deep  sea.  But  if  this  is  suggested,  the  question  immediately 
arises  as  to  why  these  forms  have  become  luminous ;  for  if 
thus  rendered  conspicuous  to  the  fish,  their  luminosity  must  so 
far  be  a  disadvantage  to  them.  In  the  case  of  the  lumi- 
nous animals  which  themselves  have  eyes,  we  may  suppose 
that  this  disadvantage  is  more  than  compensated  for  by  the 
advantage  of  enabling  the  sexes  to  find  each  other ;  but  this 
explanation  does  not  apply  to  the  blind  forms. 
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Fish,  as  we  have  already  observed,  are  well  provided  with 
the  organs  both  of  hearing  and  of  smell,  Amphioxus  being  the 
only  member  of  the  class  which  is  destitute  of  ears,  and  the 
olfactory  lobes  in  the  case  of  some  species  {e.g.,  the  Skate) 
being  of  enormous  size  in  relation  to  the  other  parts  of  the 
brain.  The  sense  of  touch  is  provided  for  in  many  species 
by  tentaculoe  in  the  neighbourhood  of  the  mouth.  The  soft 
lips,  and  in  some  species  the  pectoral  fins,  are  also  tactile  in 
function,  and  in  certain  gurnards  there  are  digitate  appendages 
connected  with  the  latter  which  doubtless  serve  to  increase 
their  efficiency  as  organs  of  touch.  It  is  doubtful  whether 
taste,  as  distinct  from  smell,  occurs  in  fish;  but  we  must 
remember,  as  before  observed,  that  in  the  case  of  an  aquatic 
animal "  is  no  true  distinction  to  loe  drawn  biet ween  these 
two  ser  !For  as  there  is  here  no  gaseous  medium  (like 

the  air)  iii  question,  the  only  distinction  that  can  be  drawn  is 
as  to  whether  the  nerve  terminations,  which  are  affected  by 
the  suspended  particles  in  the  water,  happen  to  be  dis- 
tributed over  any  part  of  the  mouth  where  the  food  passes, 
or  over  any  other  part  of  the  animal.  I  say  over  any  other 
part  of  the  animal  (and  not  only  in  the  nasal  fossae),  because 
in  some  species  of  fish  there  are  embedded  in  the  skin  along 
the  sides  of  the  body  a  number  of  curiously-formed  papillae, 
which  on  morphological  grounds  may  reasonably  be  regarded 
as  ministering  to  the  sense  of  smell,  or,  as  we  may  indifferently 
call  it,  of  taste.  Hseckel,  however,  speculates  upon  these 
organs,  and  is  inclined  to  think  that  they  minister  to  some 
unknown  sense. 

The  sense  of  sight  in  Amphibia  and  Eeptiles  offers 
nothing  specially  worthy  of  remark,  except  that  the  crystal- 
line lens  has  not  so  high  a  refracting  power  as  in  Fish.  The 
transition  from  an  eye  adapted  to  see  under  water  and  an  eye 
adapted  to  see  in  air,  appears  to  be  curiously  shown  by  one 
and  the  same  eye  in  the  case  of  the  Surinam  Sprat.  This 
animal  has  its  eyes  placed  on  the  top  of  its  head,  so  that 
when  it  comes  to  the  surface  of  the  water  part  of  the  eyes 
come  into  the  air,  and  "the  pupil  is  partly  divided,  and 
the  lens  is  also  composed  of  two  portions,  so  that  it  is 
supposed  that  one  part  of  this  curious  eye  is  adapted  for 
aeria,l,  and  the  other  for  aquatic,  vision."*  The  senses  of 
hearing,  smell,  taste,  and  touch,  although  all  present  in  the 

*  Manball,  Otitlinet  ofPhytiology,  yoI.  i,  p. 
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Amphibia  and  Eeptiles,  are  not  much,  if  at  all,  in  advance  of 
these  senses  as  they  occur  in  Fish. 

Among  Bii-ds  the  sense  of  sight  is  proverbially  keen,  and 
in  point  of  fact  the  animal  kingdom  has  no  parallel  to  the 
excellence  of  the  organ  of  vision  as  it  occurs  in  some  species 
of  this  class.  Whether  we  consider  the  eye  of  a  Hawk,  which 
is  able  to  distinguish  from  a  great  height  a  protectively 
coloured  animal  from  the  surface  of  the  ground  which  it  so 
closely  imitates ;  or  the  eye  of  a  Solen  Goose,  which  is  able 
from  a  height  of  a  hundred  feet  in  the  air  to  see  a  fish  at  the 
deprh  of  many  fathoms  in  the  water ;  or  the  eye  of  a  Swift, 
which  is  able  so  suddenly  to  form  its  adjustments ;  we  must 
alike  conclude  that  the  visual  apparatus  has  attained  to  its 
liighest  perfection  among^|!u^E!^  And  in  this  conhecfionlt  is 
of  interest  to  n6l'e~Thatprotective  colouring  has  attained  its 
highest  degree  of  perfection  among  animals  which  constitute 
the  prey  of  birds.  So  surprising,  indeed,  is  the  perfection  to 
which  protective  colouring  has  attained  in  some  of  these 
cases,  that  it  has  been  adduced  as  a  difficulty  against  the 
theory  of  evolution ;  for  it  seems  incredible  that  such  perfec- 
tion should  have  been  attained  by  slow  stages  through  natural 
selection  before  the  species  exhibiting  it  had  been  extermi- 
nated by  the  birds.  The  answer  to  this  difficulty  is  that 
the  visual  organs  of  the  birds  cannot  be  supposed  to  have 
been  always  so  perfect  as  they  are  now,  and  therefore  that  a 
degree  of  protective  colouring  which  might  have  afforded 
efficient  protection  at  an  earlier  stage  in  the  evolution  of 
those  organs  would  not  supply  such  protection  at  the  present 
day.  In  other  words,  the  evolution  of  the  eyes  of  birds  and 
of  the  protective  coloration  of  their  prey  must  be  supposed 
to  have  progressed  pari  passu,  each  stage  in  the  one  acting 
as  a  cause  in  the  succeeding  scage  of  the  other.  The  crystal- 
line lens  is  flat  in  birds  which  are  remarkable  for  long  sight, 
such  as  the  vulture ;  rounder  in  owls,  which  are  very  near- 
sighted ;  and  becomes  progressively  more  spherical  in  aquatic 
birds,  according  to  their  aquatic  habits. 

All  birds  are  able  to  hear,  and  it  is  in  this  class  that  we 
first  meet  with  definite  evidence  of  an  ear  capable  of  appre- 
ciating with  delicacy  differences  of  pitch.  "Among  many 
species  of  birds  the  aelicacy  ot  such  appreciation  (as  well  as 
that  of  timbre)  is  so  remarkable  that  it  may  be  questioned 
whether  even  human  ears  are  more  efficient  in  this  respect. 
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The  anatomical  difficulty  of  accounting  for  this  fact  I  need 
not  wait  to  consider.  I  am  myself  inclined  to  think  that  the 
sense  of  hearing  in  birds  (at  all  events  of  some  species)  is 
likewise  highly  delicate  with  reference  to  the  intensiii/  of 
sound.  My  reason  for  so  thinking  is  that  I  have  observed 
Curlews  dig  their  long  bills  up  to  the  base  into  smooth 
unbroken  surfaces  of  sea-sand  left  bare  by  the  tide,  in  order 
to  draw  up  the  concealed  worm*.  Under  such  circumstances 
no  indication  can  be  given  by  tii  -  w^orm  of  its  position  to  any 
other  sense  of  the  curlew  than  f.hat  of  hearing.  Similarly,  I 
suspect  that  the  common  Thrush  is  guided  to  the  worm  buried 
beneath  the  turf  by  the  sense  of  hearing,  and  my  suspicion  is 
founded  on  the  peculiar  habits  of  feeding  shown  by  the  bird, 
which  I  have  described  elsewhere.* 

The  sense  of  snieU  in  Birds  is  in  advance  of  that  of 
Reptiles,  but  not'Io  be  compared  with  its  excellency  in 
Mammals;  for  the  old  hypothesis  that  vultures  find  their 
prey  by  the  aid  of  this  sense  has  been  abundantly  disproved.! 
The  sense  of  taste^  in  Birds  is  likewise  very  obtuse  as  com- 
pared with  tfiis  sense  in  Mammals ;  and  as  compared  with 
the  same  class  they  are  also  defective  in  their  organs  of 
touchy  Indeed,  the  parrot  tribe  is  the  only  one  in  which 
this  sense  is  well  or  specially  provided  for,  except  the  ducks, 
snipes,  and  other  mud-feeding  species,  in  which  the  bill  is 
specially  modified  for  this  purpose. 

If  we  regard  Mammals  as  a  class  we  must  say  that,  with 
the  exception  of  the  sense  of  vision  which  reaches  its 
greatest  supremacy  in  Birds,  all  the  special  senses  are  more 
highly  developed  than  in  any  other  class.  This  is  more 
particularly  the  case  with  the  senses  of  smell,  taste,  and 
touch. 

Tlie  sense  of  smell  reaches  its  highest  perfection  among 
the  Carnivora  and  the  Euminants,  and,  on  the  other  hand,  is 
totally  absent  in  some  of  the  Cetacea.  Any  one  accustomed 
to  deer-stalking  must  often  have  been  astonished  at  the  pre- 
cautions which  it  is  needful  to  take  in  order  to  prevent  the 
game  from  getting  the  "  wind  "  of  the  sportsman ;  indeed  to 
a  novice  such  precautions  are  apt  to  be  regarded  as  implying 
a  superstitious  exaggeration  of  the  possibilities  of  the  olfac- 

•  Nature,  vol.  xv,  pp.  177  and  292,  where  also  see  in  more  detail  my 
observations  on  the  feeding  habits  of  the  curlew, 
t  See  Animal  Intelligence,  pp.  286-7. 
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._si___  _  _  merely  our  own  sense  oTsmell 

greatlymagrufiear  I'or  if  this  were  tliie  case  it  seems  incredible 
tlmt'lngTilyn5recr  sporting-dogs,  which  have  the  finest  noses, ' 
should  be  those  which  take  the  keenest  pleasure  in  rolling  in 
filth  which  literally  stinks  in  our  nostrils  to  the  degree  of 
being  physically  painful. 

The  sense  of  hearing  is  acute  in  Mammals  as  a  class,  and 
it  is  worthy  of  remark  that  this  is  the  only  class  provided 
with  movable  ears.  As  Paley  observes,  in  beasts  of  prey  the 
external  ear  is  habitually  directed  forwards,  while  in  species 
which  they  prey  upon  the  ear  admits  of  being  directed  back- 
wards. With  the  exception  of  the  singing  monkey  {Hylobates 
agilis),  there  is  no  evidence  of  any  mammal  other  than  man 


tory  «ense ;  and  it  is  not  until  he  has  himself  seen  the  deer 
scent  him  at  some  almost  incredible  distance  that  he  lends 
himself  without  disguised  contempt  to  the  discretion  of  the 
keeper.  But  among  the  Carnivora  the  sense  of  smell  is  even 
more  extraordinary  in  its  development  on  accoui/i.,  no  doubt, 
of  its  being  here  of  so  much  service  in  tracking  prey.  I 
once  tried  an  experiment  with  a  terrier  of  mj  own  which 
shows,  better  than  anything  that  I  have  ever  read,  tlie  almost 
supernatural  capabilities  of  smell  in  Dogs.  On  a  Bank 
holiday,  wnen  the  broad  walk  in  Regent's  Park  was  swarm- 
ing with  people  of  all  kinds,  walking  in  all  directions,  I  took 
my  terrier  (which  I  knew  had  a  splendid  nose,  and  could 
track  me  for  miles)  along  the  walk,  and,  when  his  attention 
was  diverted  by  a  strange  dog,  I  suddenly  made  a  number  of 
zig-zags  across  the  broad  walk,  then  stood  on  a  seat,  and 
watched  the  terrier.  Finding  I  had  not  continued  in  the 
direction  I  was  going  when  he  left  me,  he  went  to  the  place 
where  he  had  last  seen  me,  and  there,  picking  up  my  scent, 
tracked  my  footstepis  over  all  the  zig-zags  I  had  made  until 
he  found  me.  Now  ii  order  to  do  this  he  had  to  distinguish 
my  trail  from  at  least  a  hundred  others  quite  as  fresh,  and 
many  thousands  of  others  not  so  fresh,  crossing  it  at  all  angles. 
Such  being  the  astonishing  perfection  of  smell  in  dogs,  it 
has  been  well  observed  that  the  external  world  must  be  to 
these  animals  quite  different  from  what  it  is  to  us;  the 
whole  fabric  of  their  ideas  concerning  it  being  so  largely 
founded  on  what  is  virtuallv  a  new  sense.  But  in  this  con- 
nection I  may  point  out  that  speculation  on  such  a  subject  ^^  I  '^''J ,  /i ,  ^//, 
shown  to  be  useless  by  the  fact  that  the  sense  of  smell  in ' 
dogs  does  not  appear  to  be 
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having  any  delicate  perception  of  pitch.  I  have,  however, 
heard  a  terrier,  which  used  to  accompany  a  song  by  howling, 
follow  the  prolonged  notes  of  the  human  voice  with  some 
approximation  to  unison ;  and  Dr.  Huggins,  who  has  a  good 
ear,  tells  me  that  his  large  mastiff  "Kepler"  used  to  do  the 
same  to  prolonged  notes  sounded  from  an  organ. 

The  sense  of  taste  is  much  more  highly  developed  in  the 
Mammalia  than  in  any  other  class,  and  the  same  general 
statement  applies  to  the  sense  of  touch.  Looking  to  the 
class  as  a  whole,  the  principal  organs  of  the  latter  are  the 
snout,  iips,  and  tongue ;  the  modified  hairs,  or  "  whiskers," 
are  also  very  generally  present.  Among  the  Kodents,  some  of 
the  Mustelidse  and  all  the  Primates,  the  principal  organs  of 
touch  are  the  hands.  And  it  would  appear  that  the  extreme 
modification  which  these  members  have  undergone  in  the 
Cheiroptera  has  been  attended  with  an  extraordinary  exalta- 
tion of  their  power  of  tactile  sensation.  For  in  the  celebrated 
experiment  of  Spallanzani  (since  repeated  and  confirmed  by 
several  other  observers),  it  was  found  that  when  a  Bat  is 
deprived  of  its  eyes,  and  has  its  ears  stopped  up  with  cotton- 
wool, it  is  still  alale  to  fly  about  without  apparent  inconveni- 
ence, seeing  that  it  avoids  all  obstacles  in  its  flight,  even 
though  these  be  but  slender  strings  stretched  through  the 
room  in  which  the  animal  is  allowed  to  fly.  The  only  expla- 
nation of  this  surprising  fact  is  that  the  membranous 
expanse  of  the  wing,  which  is  richly  supplied  with  nerves, 
has  developed  a  sensibility  to  touch,  to  temperature,  or  to 
both,  so  extreme  as  to  inform  the  bat  of  the  proximity  of  a 
solid  body  even  before  contact — either  through  the  increase 
in  the  air-pressure  as  the  wing  rapidly  approaches  the  solid 
body,  or  through  the  difference  in  the  exchange  of  heat 
between  the  wing  and  the  solid  as  compared  with  such  ex- 
change between  the  wing  and  the  air.  When  groping  our  way 
through  a  dark  room  we  are  ourselves  able  to  feel  a  large 
solid  body  (such  as  a  wall)  before  we  actually  touch  it, 
especially,  I  have  observed,  with  the  akin  of  the  face.  Pro- 
bably, therefore,  it  is  a  great  exaltation  of  this  power  which 
enables  these  night-flying  animals  to  avoid  so  slender  a  solid 
body  as  a  stretched  string.  But  when  we  remember  the 
rapidity  and  accuracy  with  which  the  sensation  must  here  be 
aroused,  we  may  well  consider  it  to  equal,  if  not  to  surpass, 
in  the  domain  of  touch,  the  evolutionary  development  of 
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sense-organs  as  it  occurs  in  the  sight  of  the  vulture  or  the 
smell  of  the  dog.  Indeed,  Haeckel  and  others  have  specu- 
lated whether  the  facts  in  this  case  do  not  call  for  the  suppo- 
sition  of  some  additional  and  unknown  sense,  difterent  in 
IcindlTrom  any  thatwe  ourseIve8"^ssess."  But  1  think  it  is 
s'afcr  not  to  run~Tnto  any  such  obscure  hypothesis  unless 
actually  driven  to  do  so,  and  therefore  I  shall  not  here  enter- 
tain it.  For  this  reason,  also,  I  shall  not  follow  Hseckel  in 
his  view  that  the  "  homing  "  faculty  of  certain  animals  is  due 
to  some  additional  and  inexplicable  sense,  and  therefore  I 
shall  reserve  my  treatment  of  this  topic  for  my  chapters  on 
Instinct. 

After  this  rapid  survey  of  the  powers  of  Special  Sense  as 
they  severally  occur  in  different  classes  of  the  animal  king- 
dom, I  shall  conclude  the  present  chapter  by  briefly  consider- 
ing certain  general  principles  connected  with  Sensation. 

The  muscular  sense,  the  sense  of  hunger,  thirst,  satiety, 
and  others  of  the  like  general  kind  need  not  detain  us ;  for 
although  their  causation  is  somewhat  obscure,  we  know  at 
least  that  they  are  dependent  upon  nervous  adjustments, 
and,  being  of  so  much  importance  to  animals,  we  infer  that 
they  have  been  developed  under  the  general  principles  of 
neuro-muscular  evolution  already  considered  in  previous 
chapters.  My  object  here  is  rather  to  consider  the  mecha- 
nisms of  certain  more  special  senses  from  the  point  of  view 
of  those  general  principles. 

First  as  to  the  sense  of  Temperature,  ihere  is  good  evi- 
dence that  in  ourselves  and  at  least  in  all  the  higher  animals, 
thermal  sensations  can  only  be  received  by  the  nerve-endings 
in  the  skin  and  adjacent  pwts  of  tKe  mucous  membranes  ;  if 
the  nerve-iibres  immediately  above  their  terminations  in 
these  localities  (as  in  the  raw  surface  of  a  wound)  be  stimu- 
lated by  heat  or  cold,  the  sensation  produced  is  merely  one 
of  pain.  There  is  strong  evidence  that  not  only  the  nerve- 
endings,  but  even  the  whole  of  the  nerve-tracts  of  which 
they  are  the  endings,  are  specialized  for  the  purpose  of  re- 
ceiving thermal  impressions.  These  impressions,  when 
icceived,  are  not  absolute,  but  relative  to  the  temperature  of 
the  part  receiving  them — the  greater  the  difference  of  tem- 
perature between  the  part  and  the  object  touching  it,  the 
greater  being  the  impiression.      Moreover,  the  greater  the 
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extent  of  the  receiving  surface,  the  greater  is  the  impression ; 
so  that  if  the  whole  hand  be  immersed  in  water  at  102°,  the 
temperature  of  the  water  will  be  erroneously  judged  to  be 
higher  than  that  of  another  body  of  water  at  104°,  the  temr 
perature  of  which  is  simultaneously  estimated  by  a  single 
finger  of  the  other  hand ;  and,  similarly,  smaller  differences 
of  temperature  can  be  appreciated  by  the  whole  hand 
than  by  a  single  finger.  According  to  Weber,  the  left  hand 
is  considerably  more  sensitive  to  temperature  than  the  right ; 
and  it  is  certain  that  different  parts  of  the  body  differ  greatly 
in  this  respect.  The  more  sudden  the  change  of  temperature, 
the  greater  is  the  sensory  effect.  We  have  no  means  of 
testing  the  truth  of  any  of  these  statements  with  reference 
to  any  of  the  Invertebrata,  or  even  with  reference  to  the 
cold-blooded  Vertebrata;  but  we  can  scarcely  doubt  that 
they  apply  in  a  general  way  to  all  the  warm-blooded.  The 
facts  certainly  show  an  elaborate  provision  for  appreciating 
local  changes  of  temperature  occurring  upon  this  and  that 
part  of  the  external  surface  (the  general  comfort  or  discom^ 
fort  arising  from  the  body  being  kept  at  a  normal  tempera- 
ture or  not  is  another  matter,  and  one  with  which  the  special 
mechanism  we  are  considering  is  not  concerned) ;  and  there-- 
fore  we  have  to  contemplate  the  probable  cause  of  its  origin 
and  development. 

At  first  sight  we  appear  to  encounter  a  difficulty  which  I 
wonder  never  to  have  seen  adduced  by  opponents  of  evolu- 
tion. For  in  nature  the  only  differences  of  temperature 
which  normally  occur  in  objects  with  which  animals  have 
any  opportunity  of  coming  into  contact,  are  those  between 
ice  and  objects  heated  by  a  tropical  sun  ;  and  no  one  animal 
ever  has  the  opportunity  of  experiencing  changes  of  tem- 
perature extending  through  anything  like  so  great  a  range ; 
for  in  the  arctic  regions  there  is  no  tropical  sun,  in  the 
tropics  there  is  no  ice,  and  in  the  temperate  zones  the  solar 
heat  is  moderate.  Of  course  since  the  introduction  of  fire  by 
man,  the  sense  of  temperature  has  become  of  much  use  to 
sundry  species  of  aniriials  for  the  examination  of  food,  &c.,  and 
in  this  connection  is  of  almost  indispensable  service  to  man 
himself ;  but,  looking  to  the  antecedents  of  these  animals 
and  also  to  the  antecedents  of  man,  it  may  at  first  sight 
seem  remarkable  that  such  an  elaborate  provision  should 
have  been  developed,  and,  as  I  have  said,  I  wonder  that  no 
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opponent  of  evolution  has  pointed  to  the  fact.  For  it  might 
be  argued  that  here  we  have  a  complicated  piece  of  special 
organic  machinery  constructed  in  obvious  anticipation  of  the 
advent  of  cookery  and  warm  baths.  But  I  think  the  matter 
may  be  explained  on  evolutionary  principles,  if  we  remember 
that  the  only  use  of  a  sense  of  temperature  is  not  that  of 
examining  food.  We  know  that  differences  of  temperature 
on  the  surface  of  the  body  (whether  local  or  general)  greatly 
modify  the  conditions  of  the  circulation  in  the  part  or  parts 
affected,  and  therefore  it  must  always  have  been  of  use  for 
animals  to  be  provided  with  a  sensory  apparatus  upon  the 
surface  of  their  bodies  to  give  them  immediate  information 
of  such  differences.  Its  development  along  special  lines  (so 
that  some  parts  of  the  body  should  be  more  sensitive  to 
changes  of  temperature  than  other  parts)  is  easily  to  be 
explained  by  the  effects  of  habit  or  use.  Thus,  for  example, 
the  fact  that  the  lips  of  man,  although  provided  with  a  skin 
so  delicate  and  so  sensitive  to  tactile  impressions,  are  never- 
theless able  to  endure  a  sudden  rise  of  temperature  which 
would  be  painful  to  the  skin  of  the  face,  must  be  taken  to 
mean  that  habit  has  adapted  the  nerves  in  the  lips  to  with- 
stand a  sudden  rise  of  temperature — and  this  certainly  within 
the  period  since  the  invention  of  cookery. 

Mr.  Grant  Allen  takes  a  more  general  view  of  this  sub- 
ject, and  says :  "  To  an  animal,  cold  is  death,  and  warmth  is 
life.  Hence  it  is  not  astonishing  that  animals  should  very 
early  have  developed  a  sense  which  informed  them  of 
changes  of  temperature  taking  place  in  their  vicinity ;  and 
that  this  sense  should  have  been  equally  diffused  over  the 

whole  organism As  soon  as  moving  creatures 

began  to  feel  at  all,  they  probably  began  to  feel  heat  and 
cold."*  The  truth  of  such  a  general  statement  of  this  must 
be  obviousj  and  the  step  between  a  sense  of  temperature 
equally  diffused  over  the  whole  organism,  and  the  specializa- 
tion of  superficial  nerve-endings  to  minister  to  this  sense 
alone,  is  not  a  large  step.  Moreover,  the  step  between  this 
and  the  development  of  a  rudimentary  visual  organ  is  like- 
wise not  a  large  one.  For  the  deposition  of  dark-coloured ' 
pigment  in  particularly  exposed  parts  of  the  skin  must  have 
been  of  benefit  to  animals  by  enabling  (in  virtue  of  the 
increased  absorption  of  heat  thus  secured)  the  nerve-endings 

•  Colour  Sense,  p.  18. 
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in  those  parts  to  be  more  sensitive  to  changes  of  temperature. 
But  the  deposition  of  pigment  in  such  localities  constitutes  a 
favouring  condition  to  the  origination  of  anjje,  or  of  an 
prgan  whose  sense  of  temperature  becomes  sufficiently 
developed  to  enable  it  to  begi^to^  distinguish  between  light 
8ma~cRirFne88.  Thus,  as  Professor  Hjeckel  eloquently  re- 
marks:  "Tfii^ordinary  nerves  of  the  skin  which  pass  to  these 
dark  pigment-cells  of  the  integument,  have  already  trodden 
the  first  steps  of  that  magnificent  march,  at  the  end  of  which 
they  have  attained  to  the  highest  development  of  the  nerves 
of  sensation — the  optic  nerves." 

Turning  next  to  the  sense  of  Colour,  it  appears  from  the 
experiments  of  Engelmann  already  alluded  to,  that  colour- 
sense  of  a  kind  occurs  as  low  down  in  the  zoological  scale  as 
the  protoplasmic  and  unicellular  organisms,  inasmuch  as 
particular  species  showed  particular  preferences  for  certain 
rays  of  the  spectrum.  But  as  in  these  organisms  there  are 
no  organs  of  special  sense,  aud  probably  no  beginnings  of 
consciousness,  I  do  not  think  that  any  true  analogy  can  be 
drawn  beuween  these  cases  and  those  in  which  there  is  a  true 
sensation  of  colour.  Nor  have  we  any  evidence  of  such  a 
true  sensation  till  we  arrive  at  the  Crustacea.  Here  we 
have  proof,  furnished  bylEEe  direct  experiments  of  Sir  John 
Lubbock,  that  Daphnia  pulex  prefers  certain  rays  of  the 
spectrum  to  others,*  and  the  Chameleon  Shrimp  (Mi/sis  clicv- 
meleo)  is  known  to  change  its  colour  in  imitation  of  the 
surface  on  which  it  reposes,  provided  that  it  is  not  blinded 
or  otherwise  prevented  from  seeing  that  surface.  Precisely 
analogous  facts  occur  among  the  Cephalopoda  (e.g.,  octopus), 
Batrachia  (e.g.,  Common  ^j'rog),  Eeptilia  (e.g.,  Cameleon),  and 
Pisces  (e.g.,  Flounder)  ;  in  all  these  cases,  if  the  animals  are 
blinded,  the  effects  no  longer  occur.  Moreover,  Pouchet 
foun*^  that  in  the  Pleuronectides  the  mechanism  whereby 
these  imitative  changes  of  colour  are  produced  is  bilaterally 
disposed,  so  that  if  only  one  eye  of  the  animal  is  stimulated 
by  coloured  light,  only  on'»  side  of  the  animal  changes  colour. 
M.  Fredericq  afterwards  tbund  the  same  thing  to  be  true  of 
the  Octopus,  and  in  conjunction  with  Professors   Burdon- 

•  Journ.  Linn.  Soo.,  1881.  These  observations  have  been  adversely  criti- 
cised by  Merejkowsky  (Comptet  Sendut,  xciii,  pp.  160-1),  but  bis  critit^isnis 
have  been  fully  met  by  further  experimentf  recently  published  by  Sir  John 
(Journ.  Linn.  Soo.,  1888). 
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Sanderson,  Cossar  Ewart,  and  Mr.  W.  D.  Scott,  I  have 
corroborated  M.  Fredericq's  observations  by  a  number  of 
experiments ;  stimulation  of  one  eye  alone  by  means  of  light 
produces  immediate  unilateral  flushing  of  the  whole  of  the 
same  side  of  body,  but  no  change  of  colour  beyond  the  median 
line. 

As  further  proof  that  a  well-developed  sense  of  colour 
occurs  in  some  of  the  Articulata,  I  may  allude  to  the  experi- 
ments of  Sir  John  Lubbock  on  the  Hymenoptera ;  but  fis 
these  have  been  already  twice  published  in  the  International 
Scientific  Series,*  I  need  not  here  wait  to  recapitulate  them, 
and  shall  therefore  only  remark  that  it  is  without  any  rea- 
sonable question  to  the  presence  of  this  sense  in  insects  that 
we  owe  the  beauty  both  of  floral  and  of  insect  coloration. 
Again,  as  further  proof  that  a  well-developed  sense  of  colour 
occurs  in  Fish,  I  may  remark  that  the  elaborate  care  with 
which  anglers  dress  their  flies,  and  select  this  and  that  com- 
bination of  tints  for  this  and  that  locality,  time  of  dav,  &c., 
shows  that  those  who  are  practically  acquainted  wiia  the 
habits  of  trout,  salmon,  and  other  fresh-water  fish,  regard  the 
presence  of  a  colour-sense  in  them  as  axiomatic.  And,  with 
reference  to  the  sea-water  fish  in  general,  we  have  the  highly 
competent  opinion  of  Professor  H.  N".  Moseley  to  the  effect 
that  the  great  majority  of  the  colours  of  marine  animals 
have  been  acquired  either  for  the  protection  or  the  allure- 
ment of  prey,  and  that  they  refer  particularly  to  the  eyes  of 
Ksh,  and  also  to  those  of  Crustacea.t 

The  fact  that  a  sense  of  colour  occurs  in  Birds  is  unques- 
tionable, and  meets  with  its  most  general  proof  in  the  more 
or  less  conspicuous  coloration  of  the  fruits  on  which  they 
feed ;  for  as  in  the  analogous  case  of  conspicuously  coloured 
flowers  depending  on  insects  for  their  fertilization,  so  con- 
spicuously coloured  fruits  depend  for  the  dissemination  of 
their  seeds  upon  being  eaten  by  birds  or  mammals.  Again, 
I  have  already  mentioned  the  fact  that  nowhere  in  the 
animal  kingdom  does  the  protective  and  imitative  colouring 
of  animals  attain  to  such  nicety  as  it  does  where  the  eyes 
of  birds  are  concerned.  Lastly,  the  elaborate  coloration  of 
birds  themselves,  and  the  pleasure  which  Tsome  species  take 
in  the  decoration  of  their  nests,  constitute  supplementary 

*  Vis.,  in  Antt,  Beet,  and  Watpt,  and  in  Animal  Intelligence. 
t  Quarterly  Joum.  Mioro.  Soienoe,  New  Series,  vol.  xvii,  pp.  19-22. 
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proof  of  the  high  development  to  which  the  colour-sense  has 
attained  in  this  class. 

All  the  remarks  just  made  with  reference  to  Birds,  apply- 
likewise,  though  not  perhaps  in  quite  so  high  a  degree,  to 
Mammals,  considered  as  a  class.  And  here  it  becomes  need- 
ful to  consider  the  speculation  of  Dr.  Magnus  and  Mr.  Glad- 
stone, that  the  colour-sense  of  man  has  undergone  a  great 
improvement  within  the  last  two  thousand  years,  inasmuch 
as  before  .that  time  mankind  are  supposed  by  this  specula- 
tion to  have  perceived  only  the  lower  colours  of  the  spec- 
trum, or  red,  orange,  and  yellow,  and  to  have  been  colour- 
blind to  the  higher,or  green,  blue,  and  violet.  Professor  Hseckel 
lends  his  support  to  this  speculation ;  but  to  me  it  seems  a 
highly  improbable  one,  and  this  for  the  following  reasons. 

In  the  first  place  the  speculation  is  based  merely  on 
etymological  grounds,  which  in  a  matter  of  this  kind  are 
exceedingly  unsafe.  For  the  absence  in  a  language  of  words 
denoting  particular  colours  is,  at  best,  but  negative  evidence 
that  the  men  who  spoke  the  language  were  blind  to  those 
colours ;  the  absence  of  such  words  may  quite  as  well  be  due 
to  the  imperfection  of  language  as  to  the  imperfection  of  the 
visual  sense.  Thus,  for  instance,  Professor  Blackie  tells  us  that 
the  Highlanders  call  both  sky  and  grass  "gorm,"  and  are 
nevertheless  quite  able  to  discriminate  between  the  colours 
blue  and  green.  In  the  next  place,  it  is  antecedently  im- 
probable, upon  the  general  principles  of  evolution,  that  a 
considerable  change  in  the  visual  apparatus  of  man  should 
have  taken  place  within  so  short  a  period  as  the  speculation 
in  question  assigns — especially  in  view  of  the  fact  that  other 
Mammals,  Birds,  and  even  some  of  the  Invertebrata  un- 
questionably distinguish  the  higher  as  well  as  the  lower 
colours  of  the  spectrum.  Lastly,  Mr.  Grant  Allen  has  taken 
the  trouble  to  enquire,  by  means  of  a  table  of  questions 
addressed  to  educated  Europeans  in  all  parts  of  the  world, 
whether  any  of  the  savage  races  of  mankind  now  living 
display  any  inability  to  distinguish  between  the  colours  of 
the  spectrum,  and  the  answers  which  he  has  received  have 
been  unif  irmly  in  the  negative.*  I  think,  therefore,  we  may 
safely  dismiss  the  speculation  of  Dr.  Magnus  and  Mr.  Glad- 
stone as  opposed  to  all  the  evidence  which  is  at  once  trust- 
worthy and  available.    But  in  saying  this  I  do  not  intend  to 

*  Colour-»0iu«,  Chapter  X. 
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dispute  the  probability,  which  indeed  amounts  almost  to  a 
certainty,  that  as  civilization  advances  and  the  fine  arts 
become  developed,  the  colour-sense  undergoes  a  progressive 
improvement  in  its  power  of  distinguishing  between  fine 
shades,  and  also  in  its  power  of  ministering  to  a  more  and 
more  evolved  condition  of  aesthetic  feeling.  And  this,  I 
believe,  is  the  true  explanation  of  the  class  of  facts  alluded  to 
by  Professor  Hseckel  as  proof  of  the  speculation  which  I  have 
now  discarded — the  fact,  namely,  that  "  nowadays  we  see  in 
the  surviving  savage  races  a  crudity  as  to  their  sense  of 
colour  ....  Our  little  ones,  also,  like  the  savages, 
love  assemblages  of  glaring  hues  which  grate  upon  us,  and 
susceptibility  to  the  harmony  of  delicate  shades  of  colour  is 
the  latest  product  of  aesthetic  education." 

Professor  Preyer  has  published  within  the  last  year  or  two 
a  very  interesting  theory  touching  the  origin  and  development 
of  the  colour  sense,  and  as  it  has  not,  to  my  knowledge,  been 
noticed  in  any  English  publication,  I  shall  here  state  the  main 
points.  The  theory  is  that  the  colour-sense  is  a  special  and 
highly-exalted  development  of  the  sense  of  temperature.  To 
sustain  this  theory,  Professor  Preyer  hrst  compares  tne  sensi- 
bility  of  the  skin  to  temperature  with  that  of  the  retina  to 
light,  and  points  out  that  the  analogy  has  already  been 
recognized  by  artists,  who  speak  of  colours  as  "  warm  "  and 
"  cold."  "  The  warm  colours  arouse  sensations  of  a  character 
antagonistic  to  those  which  are  aroused  by  the  cold  colours, 
in  just  the  same  way  as  the  hot  and  cold  sensations  of  skin- 
temperature  are  antagonistic ;  and  the  more  this  analogy  is 
pursued,  the  closer  is  the  agreement  found  to  be.'  Therefore 
the  suggestion  arises,  "  that  the  sense  of  colour  has  been 
developed  out  of  the  sense  of  temperature,"  bespeaking  a 
high  refinement  of  functional  activity  which  has  its  struc- 
tural correlative  in  the  extremely  differentiated  and  delicately 
organized  expansion  of  nerve-endings  which  we  find  in  the 
retina. 

A  further  analogy  is  that  of  contrasts.  A  finger  that  has 
been  warmed  or  cooled  retains  its  change  of  temperature  for 
some  time  after  it  has  ceased  to  be  warmed  or  cooled ;  and 
this  is  taken  to  correspond  with  the  phenomena  of  positive 
after-images  in  sensations  of  colour.  Moreover,  while  the 
after-effect  of  warming  or  cooling  a  portion  of  the  skin 
remains,  the  temperature-sense  of  that  portion  is  altered  in 
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such  wise  that,  if  it  has  been  cooled,  it  over-estimates  the 
temperature  of  any  object  it  may  touch,  and  vice  versd.  This 
is  taken  to  be  analogous  to  the  appearance  of  warm  colours 
in  the  eyes  when  closed  immediately  after  having  been 
exposed  to  intense  cold  colours,  and  vice  versd.  So,  too,  it  is 
with  simultaneous  contrasts.  It  is  well  known  that  if  a 
small  colourless  surface  is  enclosed  between  two  surfaces  of 
cold  or  warm  colours,  the  small  surface  will  appear  inversely 
coloured  warm  or  cold,  as  the  case  may  be ;  and  Professor 
Prayer  has  found  by  experiment,  that  if  a  small  portion  of  the 
skin  be  enclosed  by  cold  or  warm  surfaces  on  either  side,  the 
small  enclosed  area  will  feel  cool  if  the  neighbouring  parts 
are  heated,  and  vice  versd. 

After  showing  that  in  his  view  illumination  is  to  the 
sense  of  colour  what  contact  is  to  the  sense  of  temperature, 
and  pointing  out  several  subordinate  analogies  which  I  have 
no  space  to  mention.  Professor  Preyer  goes  on  to  remark  an 
important  fact  in  relation  to  his  theory,  viz.,  that  diiferent 
parts  of  the  skin  manifest  in  their  estimations  of  tempera- 
ture great  dififerences  in  their  estimates  of  what  he  calls  the 
"  neutral  point,"  i.e.,  the  point  at  which  it  cannot  be  said  that 
a  body  is  felt  to  be  either  hot  or  cold.  The  retina,  then,  being 
supposed  to  be  merely  a  nerve-expansion  having  a  much 
higher  "  neutral  point "  in  the  appreciation  of  temperature 
(ethereal  vibrations)  than  has  any  nerve-expansion  of  the 
skin,  colour-blindness  is  explained  by  supposing  that  the 
retina  of  the  individual  so  affected  has  a  neutral  point  either 
above  or  below  the  normal.  "  An  over- warm  eye  must  be 
blind  to  yellow  and  blue ;  an  over  cool  one  must  be  blind  to 
red  and  green."  Total  colour-blindness,  which  is  a  physio- 
logical characteristic  among  certain  nocturnal  animals,  has  its 
parallel  in  the  pathological  condition  sometimes  met  with  in 
man,  of  a  total  absence  of  the  sense  of  temperature  without 
impairment  in  the  sense  of  touch. 

Lastly,  it  is  observed  that  the  first  condition  to  the 
validity  of  any  physiological  hypothesis  is  that  it  should 
accord  with  morphological  fact.  But  this  is  not  the  case  with 
the  theory  of  Young  and  Helmholtz,  which  ascribes  the 
colour-sense  to  the  functions  of  three  retinal  elements ;  for  it 
has  been  proved  that  the  number  of  fibres  in  the  optic  nerve 
immediately  before  it  enters  the  retina  is  much  smaller  than 
the  number  of  rods  ^ud  cones  in  the  retina. 
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In  my  opinion  this  theory,  in  its  main  outlines,  seems  a 
probable,  as  it  certainly  is  a  plausible  one.     I  do  not,  indeed, 
quite  understand  why,  in  accordance  with  the  theory,  the 
"  neutral  point "  of  the  colour-blind  should  not  merely  be 
found  to  be  shifted  to  another  part  of  the  spectrum,  nor  am  I 
quite  clear  about  the  explanation  of  the  fact  that  the  warm 
colours  are  those  having  the  lowest  and  not  the  highest  order 
of  vibrations,  as  analogy  would  lead  us  to  expect.     But  the 
theory  has  the  merit  of  being  antecedently  probable,  when  we  | 
remember  that  in  all  likelihood  the  visual  sense  arose  by  the  j 
progressive  elaboration  of  nerve-endings  in  particular  parts  of  j 
the  skin,  which  before  their  special  elaboration  presumably ; 
ministered  to  the  senses  of  touch  and  temperature.  » 

And  this  remark  leads  me  to  the  last  topic  that  I  have  to 
dwell  upon  in  the  present  chapter.    I  refer  to  the  body  of 
morphological  evidence  which  we  now  possess,  showing  that 
all  the  "organs  oif  special  sense  have  had  their  origin  in  special 
elaborations  of  these  nerves  of   the  integument.    For  the, 
uniform  resiin  oTEistoiogicar  and  embryological  investigation  [ 
is  to  show  that  all  organs  of  special  sense,  wherever  they  | 
occur  and  whatever  degree  of  elaboration  they  present  in  the ; 
adult  animal,  are  fundamentally  alike  in  that  their  receptive 
surfaces  are  composed  of  more  or  less  modilied  epithelium 


oejjig  which  originally  constituted  part  of  the  external  layer) 
of  the  animal.  Thus,  the  origin  of  the  olfactory  membrane 
in  the  embryo  of  the  Vertebrata  is  found  to  consist  in  a  pitting 
of  the  skin  of  the  fore  part  of  the  head — the  pits,  therefore, 
being  lined  by  the  general  layer  of  epidermic  cells.  The 
subsequent  growth  oi  the  surrounding  parts  of  the  face 
eventually  brings  this  lining  to  occupy  the  position  which  it 
does  in  the  hollow  parts  of  the  nose.  Similarly,  the  organs 
of  hearing  first  begin  as  a  pair  of  pits  on  the  side  parts  of  the 
head,  situated  somewhat  far  back,  and  likewise  lined  by  the 
cells  of  the  general  integument.  These  pits  r?.pidly  deepen, 
so  that  their  lining  is  pinched  off  or  separated  from  the 
general  integument  of  which  it  originally  formed  a  part.  The 
deep  pit  then  becomes  a  closed  sac,  and  the  adjacent  tissues 
becoming  first  cartilaginous  and  then  osseous,  this  sac  is 
enclosed  well  within  the  skull  by  bony  walls.  While  its 
structure  is  undergoing  further  anatomical  and  histological 
changes,  the  drum,  the  chain  of  ear-bones,  and  the  external 
ear  are  being  formed,  and  thus  eventually  the  auditory  organ 
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convex,  but  the 
into  the  cavity 


is  completed.  In  the  case  of  the  eye,  again,  the  earliest  sign 
of  commencement  consists  in  a  similar  pitting  of  the  general 
integument,  but  the  lining  of  this  pit  is  not  destined,  as  in 
the  previous  cases,  to  become  the  receptive  surface  of  the 
sensory  impressions.  For,  after  it  has  deepened  considerably 
it  undergoes  sundry  changes  which  result  in  its  forming  the 
cornea,  aqueous  humour,  and  crystalline  lens;  while  the 
retina  arises  as  an  offshoot  from  the  brain  in  the  form  of  a 
sac  growing,  as  it  were,  upon  a  slender  stalk  towards  the 
crvstaliine  lens.  At  first  the  anterior  surface  of  this  sac  is 
posterior  part  afterwards  becomes  pushed 
of  the  sac;  so  that  the  anterior  surface 
eventually  becomes  strongly  concave.  Therefore  the  sac  is 
now,  as  Professor  Huxley  graphically  describes  it,  "like  a 
double  night-cap,  ready  for  the  head,  but  the  place  which  the 
head  would  occupy  is  taken  by  the  vitreous  humour,  while 
the  layer  of  night-cap  next  it  becomes  the  retina."  Thus  the 
rods  and  cones  of  the  retina  are  not  developed  immediately 
out  of  the  epidermic  cells  of  the  integument ;  but  inasmuch  as 
the  brain  is  itself  begun  as  an  infolding  of  the  epidermic  layer, 
the  rods  and  cones  of  the  retina  are  ultimately  derived  from 
those  epidermic  cells.  Or,  again  to  quote  Professor  Huxley, 
"the  rods  and  cones  of  the  vertebrate  eye  are  modified 
epidermal  cells,  as  much  as  the  crystalline  cones  of  the  insect 
or  crustacean  eye  are."*  Therefore,  in  the  words  of  Professor 
Hseckel,  "  the  general  conclusion  has  been  reached  that  in 
man,  and  in  all  other  animals,  the  sense-organs  as  a  whole 
arise  in  essentially  the  same  way,  viz.,  as  parts  of  the  external 
integument  or  epidermis.  The  external  integument  is  the 
original  g€!heral  sense-organ.  Gradually  the  higher  sense- 
organs  detach  themselves  from  this  their  primal  condition, 
whilst  they  withdraw  more  or  less  completely  into  the  pro- 
tecting parts  of  the  body.  Nevertheless  in  many  [inverte- 
brate] animals,  even  at  the  present  hour,  they  lie  in  the 
integument,  as  e.g.,  in  the  Vermes." 

I  have  entered  thus  fully  into  this  general  fact,  because 
it  is  of  importance,  not  only  to  the  theory  of  evolution,  but 
also  to  the  philosophy  of  sensation,  to  know  from  such  direct 
historical  sources  that  all  the  special  senses  are  differentiations 
of  the  general  sense  of  touch.  ~ 


*  Soieace  and  Culture,  &c.,  p.  271. 
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CHAPTEE  VIII. 

Pleasures  and  Pains,  Memory,  and  Association  of  Ideas. 

In  the  diagram  I  have  represented  Pleasures  and  Pains  as 
occupying  in  their  first  origin  a  level  not  far  removed  from 
that  at  which  Sensation  takes  its  rise.  I  have  also  repre- 
sented a  short  interval  between  Sensation  and  the  origin  ot 
Perception,  which  is  filled  up  in  the  lateral  column  by 
Memory  and  Primary  Instincts.  Therefore,  before  we  pass 
on  to  consider  the  rise  of  Perception  out  of  Sensation,  I  shall 
devote  a  chapter  to  a  consideration  of  Pleasures  and  Pains 
Memory,  and  Association  of  Ideas. 


Fleamres  and  Pains. 

On  this  topic  I  have  little  to  add  to  the  treatment  which 
it  has  received  at  the  hands  of  Mr.  Herbert  Spencer,  and  of 
his  disciple,  Mr.  Grant  Allen.*  Pains,  as  Mr.  Spencer  points 
out,  may  be  due  to  the  want  of  action  ("  craving  "),  or  to  an 
excess  of  action.  These  two  classes  correspond  largely, 
though  not  entirely,  with  the  division  of  pains  into  massive 
and  acute,  which  is  formulated  by  Professor  Bain.  It  also 
indicates  the  doctrine  of  Sir  W.  Hamilton  and  others,  that 
Pain  is  due  to  excessive  stimulation.  But  it  is  important  to 
observe  that  the  statement  of  Mr.  Spencer,  while  "  recognizing 
at  one  extreme  the  positive  pain  of  excessive  actions,"  recog- 
nizes also  "  at  the  other  extreme  the  negative  pains  of  in- 
actions ;  the  implication  is  that  Pleasures  accompany  actions 
lying  between  these  extremes." 

Mr.  Grant  Allen  in  the  course  of  his  able  exposition  of 
this  subject,  shows  by  many  examples  that  "the  Acute 
Pains,  as  a   class,  arise    from  the  action  of   surrounding 

*  See  Principles  of  Psychology  and  Physiological  JEsthetics,  in  both 
oases  the  chapter  on  "  Pleasures  and  Pains." 
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destructive  agencies;  the  Massive  Pains,  as  a  class,  from 
excessive  function  or  insufficient  nutriment:"  also  that 
"  Massive  Pains,  when  pushed  to  an  extreme,  merge  into  the 
Acute  Class,"  so  that  "  the  two  classes  are  rather  indefinite  in 
their  limits,  being  simply  a  convenient  working  distinction, 
not  a  natural  division."  Hence  it  follows  that  Pains  of  both 
classes  "  are  the  subjective  concomitants  of  an  actual  disrup- 
tion or  disruptive  tendency  in  some  one  (or  more)  of  the 
bodily  tissues,  provided  the  tissue  be  supplied  with  afferent 
cerebro-spinal  nerves  in  unbroken  connexion  with  the  brain." 
Eeferring  the  reader  to  Mr.  AUen's  own  essay  for  all  matters 
of  detail  and  criticism,  I  shall  merely  say  that  in  my  opinion 
he  has  successfully  established  this  formula  as  applicable  to 
all  cases  of  Pain.  His  view  concerning  the  physiology  of 
Pleasure  is  substantially  the  same  as  that  of  Mr.  Spencer 
already  quoted ;  but  it  is  somewhat  more  extended  and  pre- 
cise. This  view  is  that  Pleasure  is  "  the  concomitant  of  a 
normal  amount  of  activity  in  any  portion  or  the  whole  of  the 
organism,"  supplemented  with  the  important  addendum  that 
"  the  strongest  Pleasures  result  from  the  stimulation  of  the 
largest  nervous  organs,  where  activities  are  most  intermittent ;" 
so  that  the  amount  of  Pleasure  is  "  in  the  direct  ratio  of  the 
number  of  nerve-fibres  involved,  and  in  the  inverse  ratio  of 
the  natural  frequency  of  excitation."  Hence  "  we  see  wherein 
the  feeling  of  Pleasure  fails  to  be  exactly  antithetical  to  the 
feeling  of  Pain,  just  as  their  objective  antecedents  similarly 
fail.  Massive  Pleasure  can  seldom  or  never  attain  the  inten- 
sity of  Massive  Pain,  because  the  organism  can  be  brought 
down  to  almost  any  point  of  innutrition  or  exhaustion ;  but 
its  efficient  working  cannot  be  raised  very  high  above  the 
average.  Similarly  any  special  orgcn  or  plexus  of  nerves  can 
undergo  any  amount  of  violent  disruption  or  wasting  away, 
giving  rise  to  extremely  Acute  Pains ;  but  organs  are  very 
seldom  so  highly  nurtured  and  so  long  deprived  of  their 
appropriate  stimulant  as  to  give  rise  to  very  Acute  Pleasure." 
Now  towards  what  conclusion  do  these  generalizations 
point  ?  They  clearly  point  to  the  conclusion,  which  I  do  not 
tliink  is  open  to  any  one  valid  exception,  that  Pains  are  the 
subjective  concomitants  of  such  organic  changes  as  are  harm- 
ful to  the  organism,  while  Pleasures  are  the  subjective  con- 
comitants of  such  organic  changes  as  are  beneficial  to  the 
organism — or,  we  must  add,  to  the  species.     The  more  this 
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doctrine  is  pursued  in  detail,  the  more  unquestionable  does 
its  truth  become.  Thus  there  is  to  be  perceived,  not  merely 
a  general  qualitative,  but  also  a  roughly  quantitative  relation 
between  the  amount  of  pain  and  the  degree  of  hurtfulness,  as 
well  as  between  the  amount  of  pleasure  and  the  degree  of 
wholeaomeneas*  As  Mr.  Allen  observes,  " nothing  can  more 
thoroughly  militate  against  the  efficiency  of  the  mechanism 
than  the  loss  of  one  of  its  component  parts:  and  we  find 
accordingly  that  to  deprive  the  body  of  any  one  of  its  mem- 
bers is  painful  in  a  degree  roughly  proportionate  to  the 
general  value  of  such  member  to  the  organism  as  a  whole. 
Take,  for  example,  the  relative  paipfulness  of  severing  from 
the  body  a  leg,  an  arm,  an  eye,  a  finger-nail,  a  hair,  or  a  piece 
of  skin."  Similarly  with  Pleasures,  the  least  pleasurable  are 
those  attending  activities  of  the  organism  which  are  least 
important  for  its  welfare  (or  for  that  of  its  species),  while 
the  most  pleasurable  are  those  which  attend  the  satisfaction 
of  hunger,  thirst,  and  sexual  desire — especially  if,  in  terms  of 
Mr.  Allen's  formula,  the  needs  to  which  these  cravings 
minister  have  been  long  unsatisfied,  so  that  the  organism  is 
either  in  danger  of  enfeeblement  and  death,  or  in  the  most 
fit  condition  for  propagating  its  kind.  Pleasures  of  the  intel- 
lectual kind,  although  subservient  to  the  same  general  laws 
of  nutrition  and  exhaustion,  have  reference  to  such  complex 
nervous  states,  involving  mental  prevision  of  future  contin- 
gencies, &c.,  that  for  the  purposes  of  clear  analysis  they  had 
best  be  here  disregarded. 

The  superficial  or  apparent  objection  to  the  doctrine  we 
are  considering  which  arises  from  the  fact  that  feelings  of 
Pleasure  and  Pain  are  not  infallible  indices  of  what  is  respec- 
tively beneficial  or  injurious  to  the  organism,  is  easily  met  by 
the  consideration  that  in  all  such  exceptional  cases  it  is  not 
the  doctrine  but  its  application  which  is  at  fault.  Thus, 
again  to  quote  Mr.  Allen,  who  in  my  opinion  has  given  in 
brief  compass  the  best  analysis  of  the  philosophy  of  Pleasure 
and  Pain  that  has  hitherto  appeared,  "  every  act,  so  long  as 
it  is  pleasurable,  is  in  so  far  a  healthy  and  useful  one ;  and 
conversely,  so  long  as  it  is  painful,  a  morbid  and  destructive 
one.  The  fallacy  lies  in  the  proleptic  employment  of  the 
words  '  deleterious '  and  '  useful.     To  put  it  in  a  simple  form, 

*  I  use  these  antithetical  words  because  their  etymology  alone  suggests 
forcibly  the  doctrine  in  question. 
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the  nervous  system  is  not  prophetic.  It  informs  us  of  what 
is  its  actual  state  at  the  moment,  not  what  the  after-effects  of 
that  state  will  be.  If  we  take  sugar  of  lead,  we  receive  at 
first  a  pleasant  sensation  of  sweetness,  because  the  immediate 
effect  upon  the  nerves  of  taste  is  that  of  a  healthy  stimu- 
lation. Later  on,  when  the  poison  begins  to  work,  we  are 
conscious  of  a  painful  sensation  of  griping,  because  the  nerves 
of  the  intestines  are  then  being  actually  disintegrated  by  the 
direct  or  indirect  action  of  the  irritant." 

Now  if  the  doctrine  before  us  is  found  to  apply  generally 
to  all  cases  of  Pleasure  and  of  Pain,  the  implication  is  suffi- 
ciently apparent;  Pleasures  and  Pains  must  have  been 
evolved  as  the  subjective  accompaniment  of  processes  which 
are  respectively  beneficial  or  injurious  to  the  organism,  and 
so  evolved  for  the  purpose  or  to  the  end  that  the  organism 
should  seek  the  one  and  shun  the  other.  Or,  to  quote 
Mr.  Spencer,  "  if  we  substitute  for  the  word  Pleasure  the 
equivalent  phrase — a  feeling  which  we  seek  to  bring  into 
consciousness  and  retain  there,  and  if  we  substitute  for  the 
word  Pain  the  equivalent  phrase — a  feeling  which  we  seek  to 
get  out  of  consciousness  and  to  keep  out;  we  see  at  once 
that,  if  the  states  of  consciousness  which  a  creature  endeavours 
to  maintain  are  the  correlatives  of  injurious  actions,  and  if 
the  states  of  consciousness  which  it  endeavours  to  expel  are 
the  correlatives  of  beneficial  actions,  it  must  quickly  disappear 
through  persistence  in  the  injurious  and  avoidance  of  the 
beneficial.  In  other  words,  those  races  of  beings  only  can 
have  survived  in  which,  on  the  average,  agreeable  or  desired 
feelings  went  along  with  activities  conducive  to  the  mainten- 
ance of  life,  while  disagreeable  and  habitually-avoided  feelings 
went  along  with  activities  directly  or  indirectly  destructive  of 
life,  and  there  must  ever  have  been,  othei  things  equal,  the 
most  numerous  and  long-continued  survivals  among  races  in 
which  these  adjustments  of  feelinga  to  actions  were  the  best, 
tending  ever  to  bring  about  perfect  adjustments. 

"  If  we  except  the  human  race  and  some  of  the  highest 
allied  races,  in  which  foresight  of  distant  consequences  intro- 
duces a  complicating  element,  it  is  undeniable  that  every 
animal  habitually  persists  in  each  act  which  gives  pleasure, 
so  long  as  it  does  so,  and  desists  from  each  act  which  gives 
pain.  It  is  manifest  that,  for  creatu  res  of  low  intelligence, 
there  can  be  no  other  guidance." 
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Thus,  then,  we  see  that  the  affixing  of  painful  or  disagree- 
able states  of  consciousness  to  deleterious  changes  of  the 
organism,  and  the  reverse  states  to  reverse  changes,  has  been 
a  necessary  function  of  the  survival  of  the  fittest.  We  may 
further  see  that  in  bringing  about  this  adjustment  or  corre- 
spondence, the  zoological  principle  of  the  survival  of  the 
fittest  must  have  been  largely  assisted  by  the  physiological 
principle  tliat  Pleasure  tends  to  accompany  the  normal 
activity  of  an  organ  and  Pain  to  accompany  its  abnormal. 
For  as  organs  are  invariably  of  use  to  the  organism,  their 
normal  activity  must  always  be  beneficial  to  it ;  while,  con- 
versely, their  abnormal  activity,  tending  to  cause  or  being 
caused  by  their  own  disintegration,  must  always  be  harmful 
to  the  organism.  Survival  of  the  fittest  is  thus  provided 
with  a  ready-formed  condition  or  tendency  of  psycho-physio- 
logy on  which  to  work — a  tendency  which  survival  of  the 
fittest  may  itself  in  earlier  times  have  been  instrumental 
in  producing ;  but  which,  in  any  case,  when  once  established 
must  greatly  assist  survival  of  tlie  fittest  in  apportioning  the 
appropriate  state  of  consciousness  to  any  particular  organic 
process. 

Another  principle  of  pyscho-physiology  must  likewise 
have  greatly  assisted  natural  selection  in  its  execution  of 
this  work.  This  principle  is  that  which  obtains  in  so-called 
acquired  tastes  and  distastes.  Thus,  as  Mr.  Spencer  observes, 
"  Pleasures  and  Pains  may  be  acquired — may  be,  as  it  were, 
superimposed  on  certain  feelings  which  did  not  originally 
yield  them.  Smokers,  snuff-takers,  and  those  who  chew 
tobacco,  furnish  familiar  instances  of  the  way  in  which  long 
persistence  in  a  sensation  not  originally  pleasurable,  makes  it 
pleasurable — the  sensation  itself  remaining  unchanged.  The 
like  happens  with  various  foods  and  drinks,  which,  at  first 
distasteful,  are  afterwards  relished  if  frequently  taken. 
Common  sayings  about  the  effects  of  habit  imply  recognition 
of  this  truth  as  liolding  with  feelings  of  other  orders.  That 
acute  pain  can  be  superinduced  on  feelings  originally  agree- 
able or  indifferent,  we  have  no  proof.  But  we  have  proof 
that  the  state  of  consciousness  called  disgust  may  be  made 
inseparable  from  a  feeling  that  once  was  pleasurable:"  so 
that  even  in  the  life-time  of  the  individual  the  states  of 
consciousness  as  pleasurable  or  painful  may  reverse  their 
character  with  reference  tu  the  same  organic  changes  or  sen- 
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sations,  and  if  this  is  the  case  it  becomes  evident  with  what 
plastic  material  natural  selection  has  had  to  deal  in  moulding 
through  numberless  generations  the  form  of  consciousness 
which  best  fits,  with  reference  to  the  welfare  of  the  organism, 
the  circumstances  of  stimulation. 

Thus  we  may  well  believe  that  survival  of  the  fittept, 
acting  always  in  co-operation  with  these  principles  of  psycho- 
physiology,  must  have  been  successful  in  accomplishing  the 
adjustments  here  assigned  to  its  agency — the  adjustments, 
that  is,  between  states  of  consciousness  as  agreeable  or  dis- 
agreeable and  circumstances  of  stimulation  as  beneficial  or 
deleterious.  And  thus  it  is  that  in  the  process  of  evolution 
organisms  "  have  gone  on  establishing  a  consensus  between 
the  various  organs  of  the  body,  so  that  at  last,  for  the  most 
part,  whatever  will  prove  deleterious  to  any  organ  proves 
deleterious  also  to  the  first  nerves  of  the  organism  which  it 
affects,"  and  therefore  disagreeable  to  consciousness,  although 
of  course,  as  we  should  from  these  principles  expect,  this  is 
only  the  case  "when  the  deleterious  object  is  found  suffi- 
ciently often  in  the  environment  to  give  an  additional  point 
of  advantage  to  any  species  which  is  so  adapted  as  to 
discriminate  and  reject  it."* 

Thus  then,  it  seems  to  me,  we-  have  as  full  a  ratwnalS  of 
Pleasures  and  Pains  as  we  can  expect  or  need  desire.  The 
only  difficulty  is  to  understand  the  connection  between  the 
objective  fact  of  injuriousness  or  the  reverse,  and  the  corre- 
sponding subjective  state  of  consciousness;  how  is  it  that 
injuriousness  or  the  reverse  comes  to  be,  as  it  were,  translated 
into  the  language  of  Pleasure  and  Pair  But  this  is  only  the 
old  difficulty  of  understanding  the  connection  of  Mind  with 
Body,  and  has  no  reference  to  historical  psychology,  which 
takes  the  fact  of  this  connection  as  granted.  Possibly,  how- 
ever— and  as  a  mere  matter  of  speculation,  the  possibility  is 
worth  stating — in  whatever  way  the  inconceivable  connection 
between  Body  and  Mind  came  to  be  established,  the  primary 
cause  of  its  establishment,  or  of  the  dawn  of  subjectivity, 

*  Grant  Allen,  loo.  oit,  p.  27.  The  latter  consideration  disamii  any  criti- 
oiim  which  might  be  advanced  against  our  doctrine  on  account  of  the' agree* 
able  taste  of  certain  poisons,  both  to  ourselves  and  to  the  lower  animals.  But 
it  is  a8t4)nishing  even  here  how  rapidly  the  appropriate  distaste  arises  after 
exporii'nco  of  the  injurious  efFects  t  witness  the  dishke  of  wine  which  may  fre- 
quently  be  caused,  even  in  those  who  are  addicted  to  excess,  by  surreptitiously 
mixing  it  with  nux-Tomicai 
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may  have  been  this  very  need  of  inducing  organisms  to  avoid 
the  deleterious,  and  to  seek  the  beneficial ;  the  raiscm  d'etre 
of  Consciousness  may  have  been  that  of  supplying  the  con- 
dition to  the  feeling  of  Pleasure  and  Pain.  Be  this  as  it  may, 
however,  it  seems  certain,  as  a  matter  of  observable  fact,  that 
the  association  of  Pleasure  and  Pain  with  organic  states  and 
processes  which  are  respectively  beneficial  and  deleterious  to 
the  organism,  is  the  most  important  function  of  Conscious- 
ness in  the  scheme  of  Evolution.  And  for  this  reason  I  have 
placed  the  origin  of  Pleasures  and  Pains  very  low  down  in 
the  scale  of  conscious  life.  Indeed,  if  we  contemplate  the 
subject,  we  shall  find  it  difficult  or  impossible  to  imagine  a 
form  of  consciousness,  however  dim,  which  does  not  present, 
in  a  correspondingly  undeveloped  condition,  the  capacity  of 
preferring  some  of  its  states  to  others — that  is,  of  feeling  a 
distinction  between  quiescence  and  vague  discomfort,  which, 
with  a  larger  accession  of  the  mind-element,  grows  into  the 
vivid  contrast  between  a  Pleasure  and  a  Pain.  I  think, 
therefore,  it  is  needless  to  say  more  in  justification  of  the 
level  on  the  diagram  at  which  I  have  written  these  words. 
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Memory  and  Association  ofldea^. 

It  is  obvious  that  Memory  must  be,  and  is,  a  faculty  wliich 
appears  very  early  in  the  development  of  Mind.  A  priori, 
this  must  be  so,  because  consciousness  without  memory  would 
be  useless  to  the  animal  possessing  it,  and  d  posteriori  we 
find  that  this  is  so  whether  we  contemplate  the  scale  of 
mental  evolution  in  the  animal  kingdom  or  in  the  growing 
child.  I  have  therefore  assigned  the  rise  of  Memory  to  the 
level  immediately  succeeding  that  which  is  occupied  by  the 
rise  of  Pleasures  and  Pains. 

In  a  previous  chapter*  I  have  endeavoured  to  show  that, 
even  before  the  dawn  of  Consciousness,  nervous  actions  of 
adjustment  when  frequently  repeated  present  conclusive 
evidence  that  the  nervous  machinery  concerned  in  them 
becomes  more  or  less  organically  adapted  to  perform  them, 
and  so  exhibits  the  objective  aspect  of  memory.  This  objec- 
tive aspect  I  spoke  of  as  the  memory  of  a  ganglion.  Since 
that  chapter  was  written,  M.  Eibot  has  published  his  excel- 

•  On  "  the  Physical  Basis  of  Mind." 
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lent  work  on  the  "  Diseases  of  Memory,"  which  has  now 
l)een  translated,  and  forms  a  member  of  the  International 
Scientific  Series.  In  this  work  M.  Eibot  deals  fully  with  the 
complete  analogy  that  obtains  on  the  objective  side  between 
<i;anglionic  memory — or,  as  he  calls  it,  organic  memory — and 
the  physical  changes  in  the  cerebral  hemispheres  which  are 
(joncerned  in  true  or  conscious  memory.  I  should  like  to 
express  my  satisfaction  at  finding  so  singularly  close  a  corre- 
spondence between  the  views  of  M.  Eibot  and  myself  upon 
these  matters,  which  extends  into  so  many  details  that  I  have 
loft  my  chapter  already  referred  to  verbatim  as  it  was  origi- 
nally written ;  for  it  speaks  in  favour  of  the  truth  of  one's 
results  when  they  have  been  independently  arrived  at  by 
another  worker  in  the  same  field.* 

And  here  I  may  observe  that  I  also  agree  with  M.  Ribot 
in  his  view  that  the  phenomena  of  memory,  whether 
"  organic "  or  "  psychological,"  present  no  point  of  true 
analogy  with  any  such  purely  physical  phenomena  as  the 
permanent  effects  upon  a  photographic  plate  of  a  short 
exposure  to  light,  or  any  other  phenomena  where  living 
organisms  are  not  concerned.  I  further  agree  with  him  in 
his  view  that  the  earliest  analogy  we  can  find  to  memory  is 
to  be  sought  in  living  tissues  tther  than  nervous,  and  that  it 
occurs  in  protoplasm.  Thus  he  quotes  Hering  to  the  effect  that 
muscular  fibre  "  becomes  stronger  in  proportion  to  its  use." 
To  this  it  may,  I  think,  be  objected  that  there  is  no  evidence 
of  individual  muscular  fibres  thus  gaining  in  strength  by 
use.  I  think  a  better,  because  a  more  unexceptionable,  parallel 
is  aftbrded  by  the  fact  that  when  a  constant  galvanic  current 
is  allowed  to  pass  for  a  short  time  through  a  bundle  of  mus- 
cular fibres,  in  the  direction  of  their  length,  and  is  then  opened, 
a  change  is  found  to  have  been  produced  in  the  excitability 
of  the  fibres  such  that  they  are  less  excitable  than  before  to 
a  stimulus  supplied  by  again  passing  the  current  in  the 
same  direction,  and  more  excitable  to  the  stimulus  sup- 
plied by  passing  the  current  in  the  opposite  direction.  This 
memory  of  a  muscle  touching  the  direction  in  which  a  gal- 
vanic stimulus  has  passed  endures  for  a  minute  or  two  after 
the  current  has  ceased  to  pass  (Frog).    I  have  found  this 


my 


*  Any  one  who  cares  to  trace  the  correspondence  may  do  so  by  comparing 
chapter  above  alluded  to  with  the  first  ouapter  of  M.  Bibot's  work. 
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curious  fact  to  hold  in  the  case  of  muscular  tissues  of  various 
animals,  from  the  Medusae  upwards.* 

Again,  I  concur  with  M.  Eibot  in  his  opinion  that  the 
physical  basis  of  memory  consists  partly  in  a  more  or  less 
permanent  molecular  change  or  "  impress "  produced  upon 
the  nervous  element  affected  by  the  stimulus  which  is  re- 
membered, and  partly  upon  "  the  establishment  of  stable 
connections  between  different  groups  of  nervous  elements." 
I  do  not  think  that  the  view  can  be  too  strongly  reprobated 
which  crudely  supposes  that  the  first  of  these  physical  con- 
ditions is  alone  sufficient  to  explain  all  the  facts  of  memory, 
and  therefore  that  a  given  remembrance  is,  as  it  were,  stored 
up  in  a  particular  cell,  as  a  particular  "  impression "  upon 
the  substance  of  that  cell.  On  the  contrary,  as  M.  Eibot 
shows,  "  Each  of  these  supposed  unities  (memories)  is  corn- 
posed  of  numberless  and  heterogeneous  elements;  it  is  an 
association,  a  group,  a  fusion,  a  complexus,  a  multiplicity; 

.  .  .  .  Memory  supposes  not  only  a  modification  of 
nervous  elements,  but  the  formation  among  them  of  determi- 
nate associations  for  each  particular  act  We  must  not,  how- 
ever, forget  that  this  is  pure  hypothesis — the  best  available 
one,  no  doubt,  but  still  not  to  be  taken  as  implying  that  we 
really  know  anything  definitely  concerning  the  physical  sub- 
stratum of  memory." 

Profound,  however,  as  our  ignorance  unquestionably  is 
concerning  the  physical  substratum  of  memory,  I  think  we 
are  at  least  justified  in  regarding  this  substratum  as  the  same 
both  in  ganglionic  or  organic,  and  in  conscious  or  psycholo- 
gical memory — seeing  that  the  analogies  between  the  two  are 
so  numerous  and  precise.  Consciousness  is  but  an  adjunct 
which  arises  when  the  physical  processes — owing  to  infre- 
quency  of  repetition,  complexity  of  operation,  or  other  causes — 
involve  what  I  have  before  cedled  ganglionic  friction.  And 
this  view  is  confirmed  by  the  large  and  general  fact  noted  in 

*  See  "  Concluding  ObserrationB  on  the  Locomotor  System  of  Medusse," 
Thil.  Trans.,  Pt.  I,  1880;  and  on  "ModiHoation  of  Excitability,"  Ac, 
Proo.  Roif.  Soc,  Nos.  171  and  211.  Also,  Journal  (ff  Anatomy  and  Phyno' 
logy,  vol.  X.  Another  equally  good  instance  of  what  mav  be  termed  proto* 
plasmio  memory  is  to  be  found  in  the  facts  of  the  so-called  "  summation  of 
stimuli,"  which  occur  more  or  less  in  nil  excitable  tissues,  1.0.,  wherever 
living  protoplasm  is  concerned.  These  facts  are  that  if  a  succession  of 
stimuli  are  applied  to  the  excitable  tissue,  the  latter  becomes  progressiTely 
more  and  more  quick,  as  well  as  more  and  more  energetic,  in  its  response  { 
each  stimulus  leaves  behind  it  an  organic  memory  of  it*  ocourrenoe. 
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our  chapter  on  the  Physical  Basis  of  Mind,  that  conscious 
memory  may  become  degraded  into  unconscious  memory  by 
repetition;  associations  originally  mental  lapsing  into  asso- 
ciations that  are  automatic. 

Thus  much  being  premised  touching  the  physical  basis  of 
memory,  we  may  next  pass  on  to  consider  the  evolution  of 
memory  on  its  psychological  side. 

The  earliest  stage  of  true  or  conscious  memory  may,  I 
think,  be  regarded  as  consisting  in  the  after-effect  produced 
upon  a  sensory  nerve  by  a  stimulus,  which  after-effect,  so 
long  as  it  endures,  is  continuously  carried  up  to  the  sensorium. 
Such,  for  instance,  is  the  case  with  after-images  on  the  retina, 
the  after-pain  of  a  blow,  &c.* 

The  next  stage  of  memory  that  it  appears  to  me  possible 
to  distinguish  by  any  definite  interval  from  the  first-named, 
is  that  of  feeling  a  present  sensation  to  be  like  a  past  sensa- 
tion. In  order  to  do  this  there  may  be  no  memory  of  the 
sensation  between  the  two  successive  occasions  of  its  occur- 
rence, and  neither  need  there  be  any  association  of  ideeis. 
Only  this  takes  place ;  when  the  sensation  recurs  the  second, 
third,  or  fourth  time,  &c.,  it  is  recognized  as  like  the  sensa- 
tion when  it  occurred  the  first  time — as  like  a  sensation 
which  is  not  unfamiliar.  Thus,  for  example,  according  to 
Sigismund,  who  has  devoted  much  careful  attention  to  the 
psychogenesis  of  infants,  it  appears  that  the  sweet  taste  of 
milk  being  remembered  by  newly-born  infants,  causes  them 
to  prefer  sweet  tastes  in  general  to  tastes  of  any  other  kind. 
This  preference  of  course  endures  long  after  the  time  of 
weaning  is  past,  and  generally  continues  through  childhood ; 
but  the  interesting  point  in  the  present  connection  is  that  it 
occurs  too  early  in  the  life  of  the  child  to  admit  of  our  sup- 
posing that  any  association  of  ideas  can  take  part  in  the 
process.  For  Sigismund  says  that  the  memory  of  the  taste  of 
milk  becomes  attached  to  the  perception  "  immediately," 
and  Preyer  states,  from  independent  observations  of  his  own, 
that  the  preference  shown  for  sweet  tastes  over  tastes  of  all 
other  kinds  may  be  clearly  seen  as  early  as  the  first  day. 

The  next  distinguishable  stage  of  memory  is  reached 
when,  stiU  without  any  association  of  ideas,  a  present  sensa- 
tion is  perceived  as  urUike  a  past  one.  Thus,  again  turning 
to  the  observations  of  Sigismund  and  Preyer,  it  appears  from 

*  Compare  Wundt,  ChrundtUge  der  philotophuohen  Ptyehologie,  p.  701. 
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them  that  after  the  accustomed  taste  of  milk  has  become  well 
fastened  in  the  memory  by  several  successive  acts  of  sucking, 
the  child  when  a  few  days  old  is  able  to  distinguish  a  change 
of  milk.  Similarly,  I  find  among  Mr.  Darwin's  MSS  the 
following  note : — 

•*  It  is  asserted  (by  Sir  B.  Brodie)  that  if  a  calf  or  infant 
has  never  been  suckled  by  its  mother,  it  is  very  much  easier 
to  bring  it  up  by  hand  than  if  it  has  sucked  only  once.  So 
again,  Kirby  and  Spence  state  (from  E^aumur,  '  Entomology,' 
vol.  i,  p.  391)  that  larvae  after  having  '  fed  for  a  time  on  one 
plant  will  die  rather  than  eat  another,  which  would  have 
been  perfectly  acceptable  to  them  if  accustomed  to  it  from 
the  first.'" 

It  will  be  observed  that  in  dealing  with  these  stages  of 
memory  in  very  young  infants,  where  as  yet  no  association  of 
ideas  can  either  be  supposed  to  be  present  or  is  needed  to 
explain  the  facts,  we  at  once  encounter  the  question  whether 
the  memory  is  to  be  considered  as  really  due  to  individual 
experience,  or  as  an  hereditary  endowment,  i.e.,  an  instinct. 
And  here  it  becomes  apposite  to  refer  to  the  old  and  highly 
interesting  experiment  of  Galen,  which  definitely  answers 
this  question  with  reference  to  animals.  For  soon  after  its 
birth,  and  before  it  had  ever  sucked,  Galen  took  a  kid  and 
placed  before  it  a  row  of  similar  basins,  filled  respectively 
with  milk,  wine,  oil,  honey,  and  flour.  The  kid,  after  examin- 
ing the  basins  by  smell,  selected  the  one  which  was  filled 
with  milk.  This  unquestionably  proves  the  fact  of  hereditary 
memory,  or  instinct,  in  the  case  of  the  kid ;  and  therefore  it 
is  probable  that  the  same,  at  all  events  in  part,  applies  to  the 
case  of  the  child.  In  proof  of  which  I  may  allude  to  the 
experiments  of  Professor  Kuszmaul,  who  found  that  even 
prior  to  individual  experience  derived  from  sucking  milk, 
newly-born  children  show  a  preference  for  sweet  tastes  over 
all  others.  For,  un  their  tongues  being  wetted  with  sugar  or 
salt  solutions,  vinegar,  quinine,  &c.,  the  new-born  infants 
made  all  manner  of  grimaces,  being  pleased  with  the  sugar 
solution,  but  mth  the  others  showing  displeasure  by  a  "  sour 
face,"  a  "  bitter  face,"  and  so  on. 

But  although  we  freely  admit  that  the  memory  of  milk  is, 
at  all  events  m  large  part,  hereditary,  it  is  none  the  less 
memory  of  a  kind,  and  occurs  without  the  association  of  ideas. 
In  other  words,  hereditary  memory,  or  instinct,  belongs  to 
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what  I  have  marked  ofif  as  the  second  and  third  stages  of 
conscious  memory  in  the  largest  acceptation  of  the  term — the 
stages,  that  is,  where,  without  any  association  of  ideas,  a  pre- 
sent sensation  is  perceived  as  like  or  imlike  a  past  one.  It 
makes  no  essential  difference  whether  the  past  sensation  was 
actually  experienced  by  the  individual  itself,  or  bequeathed 
to  it,  so  to  speak,  by  it/S  ancestors.  For  it  makes  no  essential 
difference  whether  the  nervous  changes  which  constitute  the 
obverse  aspect  of  the  perceptive  aptitude  were  occasioned 
during  the  life-time  of  the  individual,  or  during  that  of  the 
species  and  afterwards  impressed  by  heredity  on  the  indi- 
vidual. In  either  case  the  psychological  as  well  as  the 
physiological  result  is  the  same ;  a  present  sensation  is  alike 
perceived  by  the  individual  as  like  or  unlike  a  past  sensation. 
It  is  not  easy  at  first  to  grasp  the  truth  of  this  statement ; 
but  the  source  of  the  difficulty  is  in  not  clearly  distinguish- 
ing between  memory  and  the  association  of  ideas.  Memory 
in  its  lower  stages  which  we  are  now  considering  has,  in  my 
opinion,  nothing  to  do  with  the  association  of  ideas.  It  only 
has  to  do  with  perceiving  a  present  sensation  as  like  or  unlike 
a  past  sensation,  which  never  can  have  formed  the  object  of 
an  idea  between  times,  and  which  does  not  even  arise  as  an 
ideal  remembrance  when  the  sensation  again  occurs.  In 
other  words,  there  is  no  act  of  conscious  comparison  between 
the  two  sensations ;  there  is  not  even  any  act  of  ideation ; 
but  the  past  sensation  has  left  its  record  in  the  nervous  tissues 
of  the  animal  in  such  wise  that  when  it  again  occurs  it 
emerges  into  consciousness  as  a  feeling  that  is  familiar — or  if 
another  unlike  sensation  takes  its  place,  this  emerges  into 
consciousness  as  a  feeling  that  is  not  familiar.  And  whether 
such  feelings  of  familiarity  or  unfamiliarity  arise  in  the 
experience  of  the  individual  or  in  that  of  the  species,  makes, 
as  I  have  said,  no  essential  difference  either  in  the  physiolo- 
gical or  in  the  psychological  aspect  of  the  case. 

As  showing  how  close  is  the  connection  between  here- 
ditary memory,  or  instinct,  and  memory  individually  acquired, 
I  shall  briefly  state  some  very  interesting  experiments  which 
were  made  by  Professor  Preyer  on  newly-hatched  chickens. 
He  laid  before  a  newly-hatched  chicken  some  cooked  white 
of  egg,  some  cooked  yolk  of  egg,  and  some  millet  seed.  The 
chick  pecked  at  all  three,  but  no  more  frequently  at  the  two 
latter  than  it  did  at  pieces  of  egg-shell,  grains  of  sand,  or  the 
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spots  and  cracks  of  a  wooden  floor  on  which  it  was  placed. 
But  at  the  yellow  yolk  it  pecked  often  and  earnestly.  He 
then  removed  all  three  substances,  and  after  the  lapse  of  an 
hour  replaced  them.  The  chick  instantly  recognized  them  all, 
as  proved  by  its  immediately  beginning  to  devour  them  while 
showing  a  complete  disregard  of  all  other  and  inedible  objects. 
Yet  in  the  first  experiment  the  chick  only  once  tasted  the 
white  of  egg,  and  only  took  a  single  millet  seed.  The  experi- 
ment therefore  shows  how  apt  a  young  chicken  is  to  learn  by 
its  own  individual  experience,  while  in  the  opinion  of  Pro- 
fessor Preyer  the  original  preference  shown  to  the  yolk  of 
egg  proves  an  inherited  faculty  of  taste-discrimination. 

These  experiments  serve  to  introduce  us  to  the  stage  of 
Memory  at  which  the  Association  of  Ideas  is  first  concerned — 
a  principle  which  throughout  all  subsequent  stages  consti- 
tutes what  may  be  termed  the  vital  principle  of  Memory — 
for  the  chickens  which  first  pecked,  at  inedible  objects  in  the 
presence  of  edible  ones,  and  an  hour  later  were  able  to  dis- 
tinguish between  the  two  classes  of  objects,,  must  have 
established  a  definite  association  of  ideas  between  each  of  the 
particular  objects  of  its  former  experience  with  reference-  to 
their  edible  or  inedible  character.  But  it  is  noteworthy  that, 
as  these  definite  associations  were  established  so  quickly  and 
as  the  result  of  only  a  single  individual  experience  in  each 
case,  we  can  scarcely  avoid  concluding  that  heredity  must 
have  had  a  large,  if  not  the  largest,  part  in  the  process — just 
as  in  the  CEise  of  distinguishing  from  the  first  the  boiled  yolk 
of  egg,  we  must  suppose  that  heredity  had  the  exclusive 
part.*  And  this  shows  how  closely  the  phenomena  of  here- 
ditary memory  are  related  to  those  of  individual  memory ; 
at  this  stage  in  the  evolution  of  mnemonics,  where  the  simple 
association  of  ideas  first  occurs  in  very  young  animals,  it  is 
practically  impossible  to  disentangle  the  effects  of  hereditary 
memory  &om  those  of  individual 

Association  of  Ideas, 
I  shall  reserve  for  my  chapter  on  Imagination  a  full 

*  It  Mems  to  me  doubtful,  however,  whether  heredity  here  hud  reference 
to  tMte*di>criinination,  as  Preyer  Bupposes,  seeing  that  in  nature  a  young 
chicken  can  never  have  had  an  opportunity  of  tasting  boiled  yolk  of  egg. 
Probably  the  bright  yellow  colour  had  something  to  do  with  the  selection,  as 
many  seeds  are  more  or  less  yellow  in  tint. 
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analysis  of  Ideation.  But  in  connection  with  Memory  it  is 
necessary  to  touch  upon  the  Association  of  Ideas,  and  there- 
fore I  shall  do  so  now,  notwithstanding  the  disadvantage 
which  arises  from  considering  the  property  that  ideas  pre- 
sent of  becoming  associated  before  we  consider  the  ideas 
themselves.  The  truth  is  that  here  as  elsewhere  one  labours 
under  a  difficulty  in  dealing  with  the  faculties  of  Mind  in  the 
probable  order  of  their  evolution,  from  the  fact  that  these 
faculties  require  to  be  treated  separately,  although  they  have 
not  arisen  separately,  or  in  historical  sequence.  Therefore 
one  has  to  meet  the  difficulty  by  occasionally  forestalling  in 
earlier  chapters  general  and  well-known  principles,  the  de- 
tailed consideration  of  which  forms  the  subject-matter  of 
later  chapters.  Such  a  difficulty  arises  now,  and  necessitates 
a  somewhat  premature  treatment  of  what  I  may  call  the 
elements  of  ideation. 

Throughout  the  present  work  I  shall  use  the  word  Idea 
in  its  widest  sense.  As  few  terms  have  been  used  with  a 
greater  variety  of  meanings,  I  think  it  is  better  to  state  here 
at  the  outset  what  I  take  to  be  its  most  general  meaning, 
and  therefore  the  one  which,  as  I  have  said,  I  shall  always 
attach  to  it. 

If  after  looking  at  a  tree  I  close  my  eyes  and  then  arouse 
a  mental  picture  of  what  I  have  just  seen,  I  may  say  indif- 
ferently that  I  remember  or  imagine  the  tree,  or  that  1  have 
an  idea  of  it.  The  idea  in  this  case  would  be  simple  or  con- 
crete— the  mere  memory  of  a  previous  sensuous  perception. 
Now  between  this  and  the  highest  product  of  ideation  there 
is  all  the  interval  between  the  lowest  and  the  highest  develop- 
ment of  Mind.  The  range  of  meaning  over  which  the  term 
Idea  thus  extends  has  seemed  to  many  writers  inconveniently 
large,  and  they  have  therefore  imposed  upon  it  various  limi- 
tations. But  as  all  such  limitations  are  of  a  purely  artificial 
kind,  I  shall  nowhere  limit  the  term  in  itself,  but  whenever  I 
have  occasion  to  specify  one  or  other  class  of  ideas,  I  shall  do 
so  by  employing  the  convenient  adjectives.  Concrete,  Abstract, 
and  General,  in  the  senses  which  I  shall  have  to  explain 
further  on.  Meanwhile  it  is  enough  to  say  that  whenever 
I  employ  the  term  Idea  alone,  I  mean  it  to  be  a  generic 
term. 

"We  have  already  seen,  while  treating  of  the  obverse  or 
physiological  side  of  ideation  (in  the  chapter  on  the  Physical 
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Basis  of  Mind)  that  ideas  have  a  strong  tendency  to  cohere 
together  in  groups,  so  as  to  constitute  one  compound  idea 
out  of  many  simpler  or  more  elementary  ideas;  and  also 
that  they  show  no  less  strong  a  tendency  to  cohere  together 
in  concatenated  series,  such  that  the  arousing  of  the  first 
member  determines  the  successive  arousing  of  the  other 
members.  On  its  physiological  side,  as  we  saw,  this  is  pre- 
cisely analogous  on  the  one  hand  to  the  co-ordination  of 
muscular  movements  in  space  (i.e.,  the  grouping  of  such 
movements  to  form  a  simultaneous  act,  such  as  striking),  and 
on  the  other  hand  to  the  co-ordination  of  muscular  movements 
in  time  (i.e.,  the  grouping  of  such  movements  to  perform  a 
serial  act,  such  as  vomiting).  Now  it  is  found  by  observa- 
tion that  this  cohesion  of  ideas  is  determined  either  by  con- 
tiguity or  by  similarity.  This  fact  is  too  well  and  generally 
known  to  call  for  more  than  a  bare  statement. 

Association  by  contiguity  is  more  primitive  than  associa- 
tion by  the  similarity,  for  in  order  that  there  should  be  asso- 
ciation by  similarity,  the  similarity  must  be  perceived ;  and 
this  implies  a  higher  level  of  mental  evolution  than  is 
required  to  establish  an  association  by  contiguity — which,  as 
we  have  seen,  may  be  established  even  in  non-mental  nervous 
processes,  while  there  is  nothing  truly  analogous  to  associa- 
tion by  similarity  observable  in  such  processes.* 

But  it  will  be  observed  that  even  association  of  ideas  by 
contiguity  of  the  simplest  possible  kind,  implies  a  higher 
development  of  the  powers  of  memory  than  any  of  the  three 
stages  of  memory  which  I  have  already  indicated.  For  now 
there  is  not  merely  the  memory  of  a  past  sensation  (which  is 
dormant  till  aroused  by  another  like  or  unlike  sensation); 
but  there  is  the  memory  of  at  least  two  things,  and  also  the 
memory  of  a  previous  relation  of  sequence  between  them. 

*  The  nearest  approach  to  such  an  analogy  is  perhaps  to  be  found  in  the 
curious  fact,  which  I  find  to  hold  true  in  most  persons,  that  if  a  pencil  is 
taken  in  each  hand,  and  while  the  habitual  signature  is  being  written  with 
the  right  hand,  moving  from  left  to  right,  the  movements  are  imitated  by  the 
left  hand  moving  in  the  opposite  direction,  the  signature  will  be  found  to 
have  been  written  backwards  by  the  left  hand,  and  even  the  hand-writing  can 
be  recognized  on  holding  the  paper  before  a  mirror.  As  the  left  handmay 
never  have  performed  this  feat  before,  and  cannot  perform  it  unless  the  right 
hand  is  working  simultaneously,  the  case  looks  like  one  of  association  by 
similarity.  But  I  think  it  is  really  due  to  association  by  contiguity ;  and 
the  same  applies  to  the  extreme  difficulty  of  moving  the  two  hands  simul- 
taneously as  if  carding  wool  in  opposite  directions. 
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This,  therefore,  we  may  mark  off  as  another  distinct  stage  in 
the  evolution  of  mnemonics. 

After  this  stage  has  advanced  to  a  considerable  extent,  so 
that  numerous  concrete  and  compound  ideas  are  associated  in 
a  great  many  chains  of  more  or  less  length  or  number  of 
links,  a  sufficient  body  of  psychological  data  has  been  fur- 
nished to  admit  of  the  next  stage  of  memory  being  reached, 
or  that  of  association  by  similarity.  Professor  Bain  remarks : 
"  The  force  of  contiguity  strings  together  in  the  mind  words 
that  have  been  uttered  together ;  the  force  of  similarity  brings 
forward  recollections  from  different  times  and  circumstances 
and  connexions,  and  makes  a  new  train  out  of  many  old 
ones."*  And  as  in  these  higher  planes  of  human  memory,  so 
in  the  lower  ones  of  animal  memory ;  association  by  similarity 
implies  a  better  development  of  ideation  than  does  associa- 
tion by  contiguity. 

The  next  and  final  stage  of  Memory  is  attained  when 
reflection  enables  the  mind  to  localize  in  the  past  the  time 
when  an  event  remembered  took  place.  This  is  the  stage  of 
memory  which  is  called  Recollection,  and  occurs  in  all  cases 
where  the  mind  knows  that  some  particular  association  of 
ideas  has  previously  been  formed,  and  is  therefore  able  deli- 
berately to  search  the  memory  until  the  particular  association 
required  is  brought  into  the  light  of  consciousness. 

I  have  now  given  a  sketch  of  the  successive  stages  in  the 
evolution  of  Memory,  drawing  a  line  to  mark  off  a  stage 
wherever  I  have  been  able  to  distinguish  a  place  where  a 
line  could  be  drawn.  It  is  needless  to  say  that  here,  as  in  all 
similar  cases,  I  deem  these  lines  to  be  of  a  purely  arbitrary 
character,  and  introduce  them  only  to  give  a  general  idea  of 
the  upward  growth  of  a  continuously  developing  faculty.  I 
shall  now  conclude  this  chapter  by  briefly  glancing  at  the 
animal  kingdom  and  the  growing  child  with  reference  to  the 
evolution  of  Memory. 

Taking  first  the  ease  of  the  child,  I  have  assigned  the 
seventh  week  as  the  appropriate  age  at  which  to  mark  the 
first  evidence  of  memory  in  the  association  of  ideas.  I  do  so 
because  I  have  observed  that  this  is  the  age  at  which  hand- 
fed  children  first  recognize  the  feeding-bottle,  i.e.,  an  artificial 
object  without  smell  or  other  quality  that  can  arouse  any 
ancestral  instincts,  and  one  which  young  infants  always 

•  S«n»e»  and  AUlleoii  p.  469. 
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appear  to  recognize  earlier  than  any  other  object.  Locke, 
indeed,  mentions  recognition  of  the  feeding-bottle  as  con- 
temporaneous with  that  of  the  rod;  but  as  our  ideas  on 
matters  of  education  have  undergone  some  improvement 
since  his  time,  this  statement  would  now'  be  difl&cult  to 
verify.  In  my  own  child  I  observed  that  the  power  of  asso- 
ciating ideas  extended  in  the  ninth  week  from  the  feeding- 
bottle  to  the  bib,  which  was  always  and  only  put  on  before 
feeding;  for  as  soon  as  this  was  put  on  the  child  used  to 
cease  to  cry  for  the  bottle.  At  this  age,  also,  I  observed 
that  when  I  put  her  woollen  shoe  upon  her  hand  she  gazed 
at  it  intently,  as  if  perceiving  that  some  curious  change  had 
come  over  the  habitual  appearance  of  the  hand.  At  ten  weeks 
she  knew  her  bottle  so  well  that  she  would  place  the  nipple 
of  it  in  her  own  mouth,  and,  when  allowed  to  do  so,  would 
hold  the  bottle  herself  while  sucking.  Generally,  however, 
she  would  fail  in  her  attempts  at  introducing  the  nipple  into 
her  mouth,  clearly  from  a  lack  of  co-ordinating  power  in  her 
muscles — the  nipple  striking  various  parts  of  her  face.  She 
would  then  cry  for  the  nurse  to  help.  Preyer  says*  that  at 
eight  months  old  his  child  was  able  to  classify  all  glass  bottles 
as  resembling,  or  belonging  to  the  same  order  of  objects,  as  a 
feeding-bottle.  I  may  add  that  at  seven  weeks  old  my  child 
used  to  cry  when  left  alone  in  a  silent  room  for  a  few  minutes 
— ^a  fact  which  also  seems  to  show  a  rudimentary  power  of 
associating  ideas,  with  the  consequent  perception  of  a  change 
in  the  habitual  environment. 

Turning  now  to  the  animal  kingdom,  the  first  evidence  of 
memory  that  I  have  found  in  the  psychological  scale  is  in  the 
Gasteropoda,  and  consists  in  the  Limpet  returning  to  its 
groove  in  the  rock  after  having  been  crawling  about  upon  a 
browsing  excursion.t  This  fact,  I  think,  clearly  proves  the 
power  of  remembering  locality,  and  as  such  a  grade  of  memory 
can  scarcely  be  regarded  as  the  earliest,  we  may  reasonably 
suppose  that  the  faculty  really  occurs  still  lower  in  the  psycho- 
logical scale  of  animals,  although  we  have  not  as  yet  any 
observations  to  prove  the  fact.  Moreover,  as  Oysters  learn  by 
individual  experience,  acquired  in  the  "Oyster-schools,"  to 
keep  their  shells  closed  for  a  much  longer  time  than  is  natural 
to  uneducated  individuals,!  we  must  conclude  that  a  dim  power 


•  Loc.  cii.,  p.  42. 

t  Animal  InMl^ence,  pp.  28-9. 


%  Ibid.,  p.  26. 
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of  memory  is  also  present  in  the  division  of  the  MoUusca. 
The  Razor-fish,  likewise,  shows  memory,  and  this  in  a  high 
degree,  inasmuch  as  if  only  once  alarmed  upon  coming  to  the 
surface  of  its  burrow,  it  cannot  be  again  induced  to  approach 
the  surface  for  a  long  time,  even  by  the  application  of  irri- 
tants *  Still  more  remarkable  is  the  level  of  development  to 
which  memory  has  attained  in  the  Snail,  if  the  observation  of 
Mr.  Lonsdale  is  to  be  accepted  of  the  Helix  pomatia,  which, 
after  leaving  its  sickly  mate  and  crawling  over  a  garden  wall, 
returned  next  day  to  the  place  where  it  had  left  its  mate.t 
]3ut  the  highest  level  to  which  the  development  of  memory 
attains  in  the  MoUusca  is  unquestionably  in  the  Cephalopoda, 
for  according  to  HoUmann  an  Octopus  remembered  its  en- 
counter with  a  lobster  in  a  remarkable  manner,t  while 
according  to  Schneider  these  animals  learn  to  know  their 

keepers.^ 

Seeing  that  memory  in  various  stages  of  development  thus 
unquestionably  occurs  among  the  MoUusca,  I  thought  it  worth 
while  to  try  some  experiments  in  this  connection  with  the 
Echinodermata,  but  they  all  yielded  negative  results.  It  has, 
however,  been  alleged  that  if  a  star-fish  be  removed  from  its 
eggs,  it  will  crawl  back  again  to  the  place  where  they  were ; 
and  if  this  statement  were  confirmed,  it  would  of  course 
prove  memory  in  the  Echinodermata.  Hitherto  I  have  myself 
had  no  opportunity  of  testing  it,  and  therefore  my  expe- 
riments were  confined  to  endeavouring  to  teach  star-fish  a 
few  simple  lessons,  which,  as  I  have  already  impUed,  they 
would  not  learn.  I  am  more  surprised  with  my  failure  in 
this  respect  with  the  higher  Crustacea ;  for  although  I  have 
tried  sinular  experiments  with  them,  I  have  never  been  able 
to  teach  them  the  simplest  things.  Thus,  for  instance,  I  have 
taken  a  hermit  crab,  put  it  into  a  tank  filled  with  water,  and 
when  he  had  protruded  his  head  from  the  sheU  of  the  whelk 
in  which  he  was  rasiding,  I  gently  moved  towards  him  a  pair 
of  open  scissors,  and  gave  him  plenty  of  time  to  see  the 
glistening  object.  Then,  slowly  including  the  tip  of  one  of 
his  tentacles  between  the  open  blades,  I  suddenly  cut  off  the 
tip.  Of  course  the  animal  immediately  drew  back  into  the 
shell,  and  remained  there  for  a  considerable  time.  When  he 
again  came  out  I  repeated  the  operation  as  before,  and  so  on 


•  Animal  InteWgenoe,  p.  26.         f  If>ii',  P-  27.        J  Ibid.,  p.  80. 
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for  a  great  number  of  times,  till  all  the  tentacles  had  been 
progressively  cut  away  little  by  little.  Yet  the  animal  never 
learnt  to  associate  the  appearance  of  the  scissors  with  the 
effect  which  always  followed  it,  and  so  never  drew  in  until 
the  snip  had  been  given.  Nevertheless,  that  memory  does 
occur  among  the  higher  Crustacea  is  proved  by  an  observation 
quoted  in  "Animal  Intelligence"  (p.  233),  concerning  a 
lobster  mounting  guard  upon  a  heap  of  shingle  beneath  which 
it  had  previously  hidden  some  food. 

In  another  class  of  the  Articulata,  however,  the  faculty  of 
memory  h^s  been  developed  to  an  extraordinary  degree,  and 
far  surpasses  that  which  has  been  attained  by  any  other  class 
of  Invertebrata.  The  class  of  the  Articulata  to  which  I  allude 
are  the  Insects,  and,  more  particularly,  the  Hymenoptera. 
Without  quoting  in  extenso  the  evidence  on  this  head  which 
has  already  been  given  in  my  previous  work,  it  is  enough  to 
say  in  general  terms  that  ants  and  bees  are  unquestionably 
able  to  remember  the  places  where  many  months  before  they 
have  obtained  honey  or  sugar,  &c. ;  and  will  also,  when 
occasion  requires,  return  to  nests  and  hives  which  they  have 
deserted  the  year  before.  Many  interesting  observations  have 
also  been  made  on  the  rate  of  acquisition  and  the  length  or 
duration  of  particular  memories  in  these  animals,  which, 
however,  it  is  needless  for  me  again  to  quote.*  Perhaps  the 
most  interesting  of  these  are  the  observations  of  Sir  John 
Lubbock  on  bees  gradually  learning  to  know  the  difference 
between  an  open  and  a  closed  window,  and  the  observations 
of  Messrs.  Bates  and  Belt  on  the  sand-wasps  carefully  teach- 
ing themselves  (by  taking  mental  notes  of  landmarks)  the 
localities  to  which  they  intend  to  return  in  order  to  secure 
the  prey  which  they  have  temporarily  concealed.  Incidental 
evidence  of  memory  in  other  orders  of  Insects  will  also  be 
found  on  referring  to  my  previous  wotk — viz.,  for  Beetles, 
pp.  227 — 9,  for  Earwigs,  p.  229,  and  for  the  common  House- 
Jy,  p.  230. 

Turning  now  to  the  Vertebrata,  we  find  that  in  Fish 
memory  is  certainly  present,  although  it  never  reaches  more 
than  such  a  degree  of  development  as  is  implied  by  remem- 
bering in  successive  years  the  locality  for  spawning,  learning 
to  avoid  baits,  removing  young  from  a  nest  which  has  been 

*  For  a  full  account  of  all  these  obserrationB,  aee  Anifnal  IntelUgtnc«, 
under  the  heading  "  Memorj,"  of  Chap.  Ill  and  lY. 
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disturbed,  and  associating  the  sound  of  a  bell  with  the  arrival 
of  food.* 

Batrachians  and  Beptiles  are  able  to  remember  localities, 
and  also  to  identify  persons.f  The  annual  migration  of 
Turtles  further  proves  the  duration  of  memory  for  at  least  a 
year. 

In  Birds  the  power  of  memory  has  advanced  considerably 
beyond  that  of  remembering,  as  in  the  case  of  the  swallow, 
the  precise  locality  of  their  nests  from  season  to  season,  and 
even  beyond  that  of  identifying  persons  from  year  to  year.J 
For  the  facts  which  I  have  previously  detailed  at  length 
touching  the  acquisition  by  talking  birds  of  tones,  words,  and 
phrases,  show  not  only  an  exceechngly  high  development  of 
the  powers  of  special  association,  but  even  the  power  of 
genuine  recollection  to  the  extent  of  knowing  that  there  is  a 
missing  link  in  the  train  of  a  previously  formed  association, 
and  of  purposely  endeavouring  to  recover  it.  Quotations 
from  Dr.  Wilks,  Mr.  Venn,  and  Mr.  Walter  Pollock  were  also 
given,  in  order  to  show  from  direct  and  careful  observation 
that  the  process  of  forming  special  associations  is  in  such 
cases  identical  with  that  which  occurs  in  man.§ 

Among  Mammals  the  highest  development  of  memory  is 
presented  by  the  Horse,  Dog,  and  Elephant.  Thus  there  is 
unexceptionable  evidence  of  a  horse  remembering  a  road  and 
a  stable  after  an  interval  of  eight  years  ;||  of  a  dog  remem- 
bering the  sound  of  his  master's  voice  after  an  interval  of  five 
years,f  and  the  sound  of  a  clinking  collar  after  an  interval  of 
three  years  ;ir  and  of  an  elephant  remembering  his  keeper 
after  having  run  wild  for  an  interval  of  fifteen  years.**  It  is 
probable,  also,  that  if  observations  were  made,  the  memory  of 
Monkeys  would  be  found  to  be  very  retentive,  as  it  certainly 
is  most  minute,  and  largely  assisted  by  the  intentional  efforts 
of  the  animals  themselves-ff 


*  See  Animal  Intelligence, 

t  Ibid.,  p.  266.  § 

II  Ibid.,  p.  880.  %  Ibid.,  p.  488 

tt  Ibid.,  pp.  486-98. 


pp.  248-61.  t  Ibid.,  pp.  254-62. 

For  all  theie  facta,  see  ibid.,  pp.  266-70. 
••  Ibid.,  p.  887. 


.^f 


'#, 


PERCEPTION. 


125 


a 


m 


CHAPTER  IX. 

Perception. 

At  the  level  marked  18  I  represent  the  rise  from  Sensa- 
tion to  Perception.  By  this  term  I  mean,  in  accordance 
with  general  usage,  the  faculty  of  cognition.  "  The  contrast 
between  Sensation  and'  Perceptior  is  the  contrast  between 
the  sensitive  and  the  cognitive,  intellectual,  or  knowledge- 
giving  functions."  (Bain.)  "  Perception  is  an  establishment 
of  specific  relations  among  states  of  consciousness ;  and  this 
is  distinguished  from  the  establishment  of  these  states  of 
consciousness  themselves,"  which  constitutes  Sensation. 
(Spencer.)  "  In  Perception  the  material  of  Sensation  is 
acted  on  by  the  mind,  which  embodies  in  its  present  attitude 
all  the  results  of  its  past  growth."     (Sully.) 

Sensation,  then,  does  not  involve  any  of  the  powers  of 
r  e  intellect  as  distinguished  from  consciousness,  but  Percep- 
''on  implies  the  necessary  occurrence  of  an  intellectual  or 
Ougnitive  process,  even  though  it  be  a  process  of  the  simplest 
possible  kind.  The  term  Perception,  therefore,  may  be 
applied  to  all  cases  where  a  process  of  cognition  occurs, 
whetiier  such  process  arises  directly  or  indirectly  out  of  sen- 
sation ;  thus  it  is  equally  correct  to  say  that  we  perceive  the 
colour  or  the  scent  of  a  rose,  and  that  we  perceive  the  truth 
or  the  probability  of  a  proposition. 

Otherwise  phrased  we  may  state  the  distinction  between 
Sensation  and  Perception  thus.  A  sensation  is  an  elementary 
or  uiidecomposable  state  of  consciousness,  but  a  perception 
involves  a  process  of  mentally  interpreting  the  sensation  in 
terms  of  past  experience.  For  instance,  there  is  a  closed  book 
lying  on  the  table  before  me ;  my  eyes  have  been  resting  on 
its  cover  for  a  considerable  time  while  T  have  been  thinking 
how  I  should  arrange  the  material  of  tiie  present  chapter. 
All  that  time  I  have  been  receiving  a  visual  sensation  of  a 
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particular  kind ;  but,  as  I  did  not  attend  to  it,  the  sensation 
did  not  involve  any  element  of  cognition,  and  therefore  did 
not  minister  to  any  act  of  perception.  All  at  once,  however, 
I  became  conscious  that  I  was  looking  at  a  book,  and  in 
cognizing  that  the  particular  object  of  sensation  was  a  book, 
I  performed  a;\  vxA  of  perception.  In  other  words,  I  men- 
tally interpreted  V"  •  nsation  in  terms  of  past  experience  ;  I 
made  a  mental  S)  asis  of  the  qualities  of  the  object,  and 
assigned  it  to  the  class  of  objects  which  had  previously 
produced  a  like  sensation. 

Perception,  then,  is  a  mental  classifying  of  sensations  in 
terms  of  past  experience,  whether  ancestrtd  or  individual ;  it 
is  sensation  plits  the  mental  ingredient  of  interpretation. 
Now,  as  a  condition  to  the  possibility  of  this  ingredient,  it  is 
clearly  essential  that  there  should  be  present  the  power  of 
memory ;  for  only  by  a  memory  of  past  experience  can  the 
process  be  conducted  of  identifying  present  sensations  or 
experiences    as  resembling    past    ones.    Therefore   in    the 
diagram  I  have  placed  the  dawn  of  Memory  on  the  level, 
just  below  that  at  which  the  faculty  of  Perception  takes  its 
rise.     Both  Sensation  and  Perception  are  represented  as 
attaining   a  considerable  vertical  elevation   from   base    to 
apex,  i.e.,  from  their  first  origin  to  their  completed  evolution. 
That  this  ought  to  be  so  represented  is  evident  if  we  reflect 
on  the  difference  in  the  sensuous  faculties  of  a  medusa  and 
an  eagle,  or  between  the  perceptive  faculties  of  a  limpet  and 
a  man.    It  may,  indeed,  be  thought  that  in  my  representative 
diagram  I  have  not  allowed  enough  for  such  differences,  and 
therefore  have  made  the  vertical  elevation  of  these  branches 
too  low.  But  here  we  must  remember  that  in  the  case  of  Sen- 
sation, as  already  shown,  the  advance  of  the  faculty  from  its 
earliest  to  its  latest  stages  consists  essentially,  on  its  morpho- 
logical aspect,  of  a  greater  and  great\.r  degree  of  specializa- 
tion of  end-organs  of  nerves ;  and  I  think  that  the  degree  of 
such  advance  is  sufficiently  expressed  by  the  vertical  elevation 
which  I  have  given  to  the  branch  in  question,  seeing  how 
much  more  intricate  must  be  the  morphological  development 
of  the  nerve-tissues  which  are  concerned  in  ministering  to 
the  next  and  to  all  succeeding  faculties.    And,  as  regards 
Perception,  we   must  remember  that  in  its  more  highly 
elaborated  phases  this  faculty  shades  off  into  the  higher 
representative  branches  marked  "  Imagination,"  &c. ;  so  that 
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the  branch  marked  "  Perception  "  is  not  intended  to  include 
all  that  might  possibly  be  included  by  the  term  if  we  did  not 
separately  name  the  higher  faculties  to  which  I  allude. 

Now  concerning  the  development  of  Perception,  I  may 
here  make  a  general  remark,  which  is  first  applicable  at  this 
stage  of  mental  evolution,  and  which  continues  to  be  appli- 
cable to  the  development  of  all  the  faculties  which  we  have 
subsequently  to  consider.  This  remark  is  that  we  have  ceased 
to  possess  any  data  of  a  morphological  kind — such  as  we  had 
in  the  case  of  Sensation  and  the  pre-mental  faculties  of 
adjustment — to  guide  us  in  our  estimate  of  the  degree  of 
elaboration  to  which  the  faculty  has  attained.  That  morpho- 
logical evolution  has  here,  as  in  the  coarser  instance  of  Sen- 
sation, always  gone  hand  in  hand  with  psychical  evolution,  is 
amply  proved  in  a  general  way  by  the  ad\^ancing  complexity 
of  the  central  nerve-organs ;  but  just  because  this  complexity 
is  iin  great,  and  the  steps  in  morphological  evolution  which  it 
represents  so  refined,  we  are  totally  at  a  loss  to  follow  the 
process  on  its  morphological  side ;  we  are  unable  even  dimly 
to  understand  the  mechanisms  which  we  see.  Therefore,  in 
order  to  estimate  the  ascending  grades  of  excellence  which 
these  mechanisms  present,  we  require  to  look  to  what  we  may 
most  conveniently  regard  as  the  products  of  their  operation ; 
we  have  to  use  the  mental  equivalents  as  indices  of  the  mor- 
phological facts. 

We  have  seen  that  Perception  is  essentially  a  process  of 
mentally  interpreting  Sensation  in  terms  of  past  experience, 
ancestral  or  individual.  The  successive  steps  in  the  elabora- 
tion which  this  process  undergoes  in  the  course  of  its 
evolution  must  now  be  considered. 

The  first  stage  of  Perception  consists  merely  in  perceiving 
an  external  object  as  an  external  object,  whether  by  the  sense 
of  touch,  taste,  smell,  hearing,  or  sight.  But  confining  our- 
selves, for  the  sake  of  brevity,  to  the  sense  of  sight,  in  this 
stage  Perception  simply  amounts  to  a  cognition  of  an  object 
in  space,  having  certain  space  relations  with  other  objects  of 
perception,  and  especially  with  the  percipient  organism. 

The  next  stage'  of  Perception  is  reached  when  the  simplest 
qualities  of  an  object  are  re-cognized  as  like  or  unlike  the 
qualities  presented  by  such  an  object  in  past  experienca  The 
most  universal  of  such  qualities  in  objects  pertain  to  size 
form,  colour,  light,  shade,  rest,  and  motion ;  less  universally 
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such  qualities  pertain  to  temperature,  hardness,  softness, 
roughness,  smoothness,  and  other  qualities  appealing  to  the 
sense  of  touch,  as  well  as  qualities  appealing  to  the  senses  of 
smell,  taste,  and  hearing.  In  the  case  of  these  more  universal 
qualities,  the  part  which  the  mind  takes  in  the  process  of 
cognizing  them  as  belonging  to  the  objects  is  immediate  and 
automatic,  and,  as  Mr.  Sully  observes,  "  may  be  supposed  to 
answer  to  the  most  constant  and  therefore  the  most  deeply 
organized  connections  of  experience." 

The  third  step  in  the  advance  of  Perception  consists  in 
the  mental  grouping  of  objects  with  reference  to  their  quali- 
ties, as  when  we  associate  the  coolness,  taste,  &c.,  of  a 
particular  fruit  with  its  size,  form,  and  colour.  Here  the 
more  frequently  a  certain  class  of  qualities  has  been  con- 
joined with  another  class  in  past  experience,  the  more  readily 
or  automatically  is  the  perceptive  association  established ;  but 
in  cases  where  the  conjunction  of  qualities  has  not  been  so 
frequently  or  so  constantly  met  with  in  past  experience,  we 
are  able  by  refle».don  to  recognize  the  perceptive  association 
"as  a  kind  of  intellectual  working  up  of  the  materials 
supplied  us  by  the  past." 

A  further  development  of  the  perceptive  faculty  is  re- 
quired to  meet  cases  in  which  the  qualities  of  objects  have 
become  too  numerous  or  complex  to  be  all  perceived  simulta- 
neously. In  meeting  such  cases  the  faculty  in  question, 
while  perceiving  some  of  the  qualities  through  sensation, 
supplements  the  immediate  information  so  derived  with 
information  derived  from  previously  formed  knowledge ;  the 
qualities  which  are  not  recognized  immediately  through  sen- 
sation are  inferred.  Thus,  in  my  perception  of  a  closed  book 
I  have  no  doubt  that  the  covers  are  filled  with  a  number  of 
printed  pages,  although  none  of  these  pages  are  actually 
objects  of  present  sensation.  Or,  if  I  hear  a  savage  growl,  I 
immediately  infer  the  presence  of  an  object  presenting  so 
complex  a  group  of  unseen  qualities  as  are  collectively  com- 
prised in  a  dangerous  dog.  In  a  later  chapter  I  shall  have  to 
dwell  more  minutely  on  this,  which  I  may  term  the  inferential 
stage  of  perception,  and  I  shall  therefore  not  deal  more  with 
it  at  present. 

It  will  be  evident  that  the  various  stages  which  I  have 
named  in  the  development  of  Perception  shade  into  one 
another,  so  as  not  really  to  be  distinguishable  as  separate 
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stages ;  they  constitute  rather  one  unifonn  growth  on  which, 
as  in  the  case  of  Memory,  I  have  arbitrarily  marked  these 
several  grades  of  evolution.  Moreover,  it  will  be  evident 
that  the  term  "  Perception  "  is  really  a  very  wide  one,  and 
may  be  said  to  cover  the  whole  area  of  psychology,  from  the 
confines  of  an  almost  unfelt  sensation  up  to  the  recognition 
of  an  obscure  truth  in  science  or  philosophy.  On  this 
account  the  term  has  been  condemned  by  some  psychologists 
as  too  extensive  in  its  application  to  be  distinctive  of  any 
particular  faculty ;  but  nevertheless  it  is  clearly  impossible  to 
do  without  it,  and  if  we  are  careful  to  remember  the  sense  in 
which  we  employ  it — whether  with  reference  to  the  lower  or 
to  the  higher  faculties  of  mind — no  harm  can  arise  from  its  use. 

I  have  just  said  that  in  the  highest  stage  of  its  develop- 
ment Perception  involves  Inference ;  and  I  have  previously 
said  that  in  its  lowest  stages  it  involves  Memory.  I  must 
now  point  out  more  particularly  that  in  its  ascending  stages 
Perception  involves  Memory  of  ascending  stages.  Thus  the 
perception  shown  by  a  new-bom  infant  of  sweet  tastes  as 
distinguished  from  sour  tastes  and  the  rest,  implies  the 
presence  of  that  lowest  stage  of  memory  which  we  have  seen 
to  consist  in  cognizing  a  present  sensation  as  like  a  past  sen- 
sation. Again,  the  power  of  discerning  a  change  of  milk 
implies  the  power  of  cognizing  a  present  sensation  as  unlike 
a  past  sensation.  Next,  when  memory  advances  to  the  stage 
of  associating  ideas  by  contiguity,  perception  also  advances 
to  the  stage  of  re-cognizing  objects  with  their  qualities  and 
relations  of  coexistence  and  sequence.  This  in  turn  leads  to 
the  power  of  recognizing  objects,  qualities,  and  relations  by 
similarity — the  power  on  which  we  have  seen  the  next  phase 
of  memory  to  depend.  And,  lastly,  from  this  point  onvvai'ds 
perception  throughout  depends  exclusively  upon  the  associa- 
tion of  ideas,  no  matter  how  elaborate  or  refined  such 
association  may  become. 

The  fact  that  perception  is  thus  everywhere  and  indis- 
solubly  bound  up  with  memory,  is  an  important  fact  to  be 
clear  about ;  for  when  memory  becomes  so  habitual  as  to  be 
virtually  automatic  or  unconscious,  we  are  apt  to  lose  sight  of 
the  connection  between  it  and  perception.  Thus,  as  Mr. 
Spencer  observes,  we  do  not  speak  of  remembering  that  the 
sun  shines ;  yet  we  speak  of  perceiving  that  the  sun  shines. 
As  a  matter  of  fact,  however,  we  do  remember  that  the  sun 
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shines,  and  in  all  the  hahitual  phenomena  of  experience  snch 
memories  as  this  become  so  blended  with  our  perceptions  of 
the  phenomena  that  the  memories  may  be  said  to  form 
integral  parts  of  the  perceptions.  Suppose,  for  instance,  we 
see  a  man  whose  face  we  know,  but  cannot  remember  who 
tl^e  man  is.  Here  the  perception  that  the  object  which  we 
see  is  a  man,  and  not  any  other  of  the  innumerable  objects  in 
Nature,  is  so  intimately  bound  up  with  a  well  organized 
association  of  ideas,  that  we  do  not  think  of  the  perception 
thus  far  as  really  depending  on  memory.  It  is  only  when  we 
turn  to  the  incompletely  organized  association  of  ideas 
between  the  particular  face  and  the  particular  individual, 
that  we  recognize  the  incompleteness  of  this  part  of  the 
perception  to  depend  upon  the  incompleteness  of  memory. 

Now  these  considerations,  obvious  though  they  appear, 
constitute  the  first  stage  in  a  disagreement  on  an  important 
matter  of  principle,  which  will  become  more  pronounced  when 
I  have  to  deal  with  the  higher  faculties  of  mind,  and  which,  I 
regret  to  say,  has  reference  to  the  writings  of  Mr.  Spencer.  In 
his  chapter  on  Memory  Mr.  Spencer  takes  the  view  that,  so  long 
as  "  psychical  changes  are  completely  automatic,  memory,  as 
we  understand  it,  cannot  exist — there  cannot  exist  these 
irregular  psychical  changes  seen  in  the  association  of  ideas." 
Now,  I  have  already  given  my  reasons  for  not  restricting  the 
term  Memory  to  the  association  of  ideas ;  but,  passing  over 
this  point,  I  cannot  agree  that  if  psychical  changes  (as  dis- 
tinguished from  physiological  changes)  are  completely  auto- 
matic, they  are  on  this  account  precluded  from  being  i*egavded 
as  mnemonic.  Because  I  have  so  often  seen  the  sun  shine, 
that  my  memory  of  it,  as  shining,  has  become  automatic,  I 
see  no  reason  why  my  memory  of  this  fact,  simply  on  account 
of  its  perfection,  should  be  called  no-memory.  And  similarly 
with  all  those  well-organized  memories  which  constitute 
integral  parts  of  perceptions.  In  so  far  as  they  involve  true 
"  psychological  changes,"  and  therefore  imply  the  presence  of 
conscious  recognition  as  distinguished  from  rejlex  action,  so  far, 
I  think,  no  line  of  demarcation  should  be  drawn  between 
them  and  any  less  perfect  memories.  1  shall  recur  to  this 
point  when  I  come  to  consider  Mr.  Spencer's  views  on 
Instinct  and  Eeason. 

Another  poiut  which  we  have  here  to  consider  is  the  part 
which  heredity  has  played  in  forming  the  percepti ,  j  faculty 
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of  the  individual  prior  to  its  own  experience.  "We  have 
ahready  seen  that  heredity  plays  an  important  part  in  forming 
memory  of  ancestral  experiences,  and  thus  it  is  that  many 
animals  come  into  the  world  with  their  powers  of  perception 
already  largely  developed.  This  is  shown  not  only  by  such 
cases  as  those  of  Galen's  kid,  and  Preyer's  chickens  before 
mentioned,  but  by  all  the  host  of  instincts  displayed  by 
newly-born  or  newly-hatched  animals,  both  Vertebrate  and 
Invertebrate.  This  subject  will  be  fully  considered  when  I 
come  to  treat  of  Instinct,  and  then  it  will  be  found  that  the 
wealth  of  ready-formed  information,  and  therefore  of  ready- 
made  powers  of  perception,  with  which  many  newly-born  or 
newly-hatched  animals  are  provided,  is  so  great  and  so 
precise,  that  it  scarcely  requires  to  be  supplemented  by  the 
subsequent  experience  of  the  individual.  In  different  classes 
of  animals  these  hereditary  endowments  vary  much  both  in 
kind  and  in  degree.  Thus,  with  mammals  as  a  class,  heredi- 
tary perception  has  reference  in  its  earliest  stages  to  the  senses 
of  smell  and  of  taste ;  for  while  many  mammals  are  bom 
blind,  some  probably  deaf,  and  all  certainly  very  deficient  in 
powers  of  locomotion,  they  invariably  show  more  or  less 
perceptive  powers  of  taste,  and  very  frequently  well-advanced 
perceptive  powers  of  smell.  This  we  have  already  seen  in 
the  case  of  Galen's  kid,  and  in  the  case  of  the  dog  (whose 
ancestors  have  depended  so  largely  upon  the  perfection  of 
smell)  the  same  thing  occurs  in  so  high  a  degree,  that  so 
special  an  olfactory  impression  as  is  produced  by  the  odour  of 
a  cat  will  cause  a  litter  of  newly-born  puppies  to  "  puff  and 
spit."* 

Birds  come  into  the  world  with  better  endowments  of 
perception  than  animals  of  any  other  class.  For  they  are  in 
full  possession  of  every  sense  almost  immediately  after  they 
are  hatched,  and,  as  we  shall  see  later  on,  they  are  then  able 
to  use  their  senses  nearly  as  well  as  they  are  ever  able  to 
use  them. 

Beptiles  are  likewise  hatched  with  their  powers  of  percep- 
tion almost  as  highly  developed  as  they  are  ever  destined  to 
become,t  on^  the  same  as  a  rule  is  true  of  invertebrated 
animals. 

I  must  now  say  a  few  words  on  the  physiology  of  Percep- 

*  S«e  p.  164.  t  Seo  J.»imal  Intelligence,  pp.  266-7. 
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tion — or,  more  correctly,  on  what  is  known  touching  the 
physiological  processes  which  accompany  Perception. 

In  earlier  chapters  I  have  already  stated  that  the  only 
distinction  which  is  known  on  the  physiological  side  between 
a  nervous  activity  which  is  accompanied  by  consciousness, 
and  a  nervous  activity  which  is  not  so  accompanied,  consists 
in  a  difference  of  time.  I  shall  now  give  the  experimental 
data  on  which  the  statement  rests. 

Professor  Exner  has  determined  the  time  which  is  occu- 
pied by  a  nerve-centre  of  man  in  executing  its  part  in  the 
performan«;e  of  a  reflyx  action.  That  is  to  say,  the  rate  of 
transmission  of  a  stimulus  aiong  a  nerve  being  known,  and 
the  length  both  of  the  afferent  and  efferent  nerves  concerned 
in  a  particular  reflex  act  being  known,  as  also  is  the 
"  ^  iriod  of  latency  "  of  i  muscle ;  the  time  occupied  by  the 
nerve-centre  in  conducting  its  operations  was  determined  by 
subtracting  the  time  occupied  by  the  passage  of  the  stimulus 
along  the  afferent  and  efferent  nerves,  plus  the  period  of 
latency  of  a  muscle,  from  the  total  time  between  the  "ill  of 
'^e  stimulus  and  the  occurrence  of  the  muscular  contraction. 
Inis  time  was  found  in  the  case  of  the  reflex  closure  of  the 
eye-lid  to  vary  between  0"0471  and  00555  of  a  second 
according  to  the  strength  of  the  stimulus.*  By  a  similar 
process  Exner  has  estimated  the  time  required  for  the  central 
nervous  operations  which  are  together  comprised  in  having  a 
simple  sensation,  perceiving  the  sensation,  and  the  volitional 
act  of  signalling  the  perception.  That  is  to  say,  an  electrical 
shock  being  administered  to  one  hand,  and  as  quickly  as 
possible  signalled  by  the  other,  the  time  occupied  by  the 
nerve-centre  in  performing  its  part  of  the  process  was  esti- 
mated as  in  the  previous  case.  This  time  in  the  case  of  this 
experiment  was  found  to  be  0*0828",  which  is  nearly  twice  as 
long  as  that  which,  as  we  have  just  seen,  is  required  for  a 
nerve-centre  to  perform  its  part  in  a  reflex  action.-)* 

Acts  of  perception  in  which  different  senses  are  concerned 
occupy  different  times.  This  interesting  topic  has  been 
investigated  by  a  number  of  physiologists.^  According  t6 
Bonders  the  total  "reaction-time"  {i.e.,  between  stimulus 
and  response)  is,  roughly  speaking,  for  touch  4-,  for  hearing  ^, 

•  Areh.f.  d.  get.  Phj/tiol,  zliii,  626  (1874). 

t  Ibid.,  vii,  p.  610. 

%  See  Herman,  Sandb.  d.  Phytiol.,  Bd.  II,  Tb.  2,  r.  264. 
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and  for  sight  ^  of  a  second .♦  The  observations  of  Von  Wit- 
ticht,  Vintschgau,  and  Honig-Schnied^  show  that  the  reaction- 
time  for  taste  varies  between  O'lSQS"  to  02351"  according 
to  the  kind  of  taste ;  being  least  for  salt,  more  for  sugar,  and 
most  for  quinine.  A  constant  electrical  current  applied  to 
the  tongue  gives  a  reaction-time  for  the  resulting  gustatory 
impression  of  0167'^  I  am  not  aware  that  any  experiments 
have  been  made  with  regard  to  smell.  Exner  has  more 
minutely  determined  on  himself  the  reaction-time  for  touch, 
sound,  and  sight,  with  the  results  which  are  embodied  in  the 
following  table.  The  signal  was  in  all  cases  given  by  the 
right  hand  depressing  an  electiical  key : — 

Direct  electrical  stimulation  of  retina      . .         . .  0*1189" 

Electrical  shock  on  left  hand         0-1276 

Sudden  sound  01360 

Electric  shock  on  forehead 0*1370 

Electric  shock  on  right  hand         0*1390 

Yisual  impression  from  electric  tfpark      . .         . .  0*1506 

Electric  shock  on  toe  of  left  foot  . .         . .         . .  0'1749§ 

It  is  thus  noticeable  that  although  the  sensation  of  light  pro- 
duced by  vision  of  an  electric  spark  is  much  greater  than 
that  produced  by  electrical  stimulation  of  the  optic  nerve, 
the  interval  between  the  stimulation  and  the  perception  is 
much  longer  in  the  former  case.  Seeing  that  the  optic  nerve 
is  so  shorty  this  difference  cannot  be  attributed  to  the  time 
lost  in  transmission  along  the  nerve,  and  must  therefore  be 
supposed  due  to  the  time  required  for  the  nerve-endings  in 
the  retina  to  complete  all  the  changes  (whatever  th^r  may 
be)  in  which  their  response  to  luminous  stimulation  consists. 
Thus  in  the  case  of  hearing,  as  the  above  table  shows,  some- 
what less  time  is  consumed  in  the  whole  act  of  perception 
than  is  consumed  in  the  case  of  sight  by  the  peripheral 
changes  taking  place  in  the  retina. 

According  to  Helmholtz  and  Baxt,  the  more  complex  an 
object  of  visual  perception  is,  the  greater  must  be  the  dura- 
tion of  its  image  upon  the  retina,  in  order  that  the  perception 
may  be  made ;  while,  within  certain  limits,  the  intensity  of 
the  image  does  not  affect  the  time  required  to  make  the  per- 

•  Arch.f.  Anat.  und  Phgtiol.,  1868,  p.  657. 
t  Qt.  Bet.  Med.  (3),  xxxi,  p.  113. 
X  Arch.f.  Anat.  und  Physiol.,  x,  p.  1. 
§  i^Hyw't^roAw.,  Bd.'VII,  p.  620. 
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ception .♦  The  last-named  author  found|that  an  exposure  of 
^  second  is  required  for  the  perception  of  a  row  of  six  or 
seven  letters. 

Other  experiments  prove  that  the  more  complex  an  act  of 
perception,  the  more  time  is  required  for  its  performance. 
Thus  Bonders  has  shown  that  when  an  experiment  in  re- 
action-time is  made  to  consist,  not  merely  in  signalling  a 
perception,  but  in  signalling  one  of  two  or  more  perceptions, 
the  reaction-time  is  lengthened,  owing  to  the  greater  time 
required  for  performing  the  more  complex  psychical  process 
of  distinguishing  which  of  the  expected  stimuli  is  perceived, 
and  in  determining  to  make  or  to  withhold  the  response 
accordingly.  The  state  of  matters  thus  presented  to  the  mind 
is  called  by  Bonder^  a  "  Dilemma,"  and  the  following  is  his 
table  of  results : —  . 

Dilemma  between  two  apota  of  the  akin,  right  or  left  foot 
stimulated  by  an  electric  shock ;  signal  to  be  made  in  one 
caeeonly     Q-Cee" 

Dilemma  of  yisual  perceptions  between  two  colours,  sud- 
denly exhibited ;  signal  to  be  made  on  seeing  the  one  but 
not  on  seeing  the  ouier        . .         . .         . .         . .         . .     0*184 

Dilemma  between  two  letters ;  signal  to  be  made  on  seeing 
one  only         0*166 

Dilemma  between  fire  letters ;  signal  as  before        . .  0*170 

Dilemma  of  hearing ;  two  towcIs  suddenly  called  ;  signal  to 
be  made  on  hearing  one  only  ,.     0*066 

Dilemma  between  five  Towels ;  sigMtl  em  before       . .         . .     0*088 

The  above  table  gives,  in  each  case^  not  the  whole  period 
between  the  occurrence  of  the  stimulus  and  the  occurrence 
of  the  response,  but  the  difference  ^between  the  time  required 
for  this  whole  period  when  a  single  stimulus  has  to  be 
answered,  and  when  only  one  of  two  or  more  possible  stimuli 
has  to  be  answered.  It  will  thus  be  seen  that  the  time 
required  for  the  act  of  meeting  a  dilemma  is  from  ^  to  -^i^  of 
a  second  longer  than  that  which  is  required  to  signal  a 
simpler  peroeption.f 

This  "  Dilemma-time  **^  has  also  been  estimated  where  the 
other  senses  are  concerned  by  Kries  and  Auerbach,  with  the 
following  results : — X 

*  Arehiv.  f.  d.  get.  Phgtiol.,  Bd.  lY,  p.  829 ;  Manaither.  d.  Ber.  Acad., 
June,  1871. 

t  For  Donden'  investigationa,  see  Arohiv.  f.  Anat.  und  Phjfuiol.,  1868, 
pp.  667-81. 

t  Arohi:/.  d.  get.  ^tiol.t  1877,  ppi  208-880. 
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Localization  by  sight 0-011'' 

Distinguishing  colour    . .         . .         . .         . .  0*012 

Localization  by  hearing  (least  interval)         . .  0*015 

Dutinguishing  pitch  (high  notes)      - . .         . .  0-019 

Localization  by  touch 0'021 

Distingmshing  pitch  (low  notes)        . .         . .  0-034 

Localization  by  hearing  (greatest  inteiral)    . .  0*062 

If  a  greater  number  of  alternatives  are  allowed  by  the 
preconcerted  arrangement,  a  still  longer  interval  is  required 
for  the  response. 

The  time  required  for  perception  in  the  case  of  all  the 
senses  varies  with  different  persons,  and,  under  the  name  of 
"personal  equation,"  has  to  be  carefully  determined  by 
astronomers.  It  is  increased  by  old  age,  sundry  kinds  of 
sickness,  and  sundry  kinds  of  drugs.  But  it  is  not  neces- 
sarily less  in  young  people  full  of  vitality  than  it  is  in  young 
people  of  less  vigorous  or  lively  temperaments.  According 
to  Exner,  persons  who  are  accustomed  to  allow  their  ideas  to 
run  slipshod  are  relatively  slow  in  forming  their  perceptions,  or, 
at  least,  have  a  long  reaction-time  between  receiving  and  re- 
sponding to  a  stimulus.  He  gives  the  following  table  to 
show  the  difference  in  the  reaction-time  of  seven  indi- 
viduals : — * 


Age. 

Beaction-time. 

Bemarks. 

26 
23 

76 
24 
20 
22 
35 

0  1337 
0-8311 

0-9952 
0  1751 
0-2562 
0-1295 
0  1381 

Bough,  lively  labouring-man. 

Lively  in  movements,  but  rather  slow  in  apprehen* 

sion. 
Infirm  and  not  intelligent. 
Slow  and  deliberate  in  movements. 
Slow  and  somewhat  uncertain  in  movements. 
Slow  and  very  precise  in  movements. 

Concerning  the  effects  of  drugs  it  is  enough  to  say  that 
Exner  found  two  bottles  of  Rhine-wine  increased  his  reaction- 
time  from  01904"  to  02269" ;t  and  I  have  myself  observed 
while  shooting  that  an  amount  of  alcohol  not  sufficient 
to  produce  any  consciously  psychical  effects,  is  apt  to  make 
one  shoot  behind  one's  birds.  And  here,  with  reference 
to  the  persoml  equation,  I  may  briefly  allude  to  some 


*  Loo.  oit.,  p.  612. 


t  Loe.  cit.,  p.  628. 
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hitherto  unpublished  observations  of  my  own,  which  has 
served  to  display  a  positively  astonishing  difiference  between 
different  individuals  with  respect  to  the  rate  at  which  they 
are  able  to  read.  Of  course  reading  implies  enormously 
intricate  processes  of  perception  both  of  the  sensuous  and  of 
the  intellectual  order ;  but  if  we  choose  for  these  observa- 
tions persons  who  have  been  accustomed  to  read  much,  we 
may  consider  that  they  are  all  very  much  on  a  par  with 
respect  to  the  amount  of  practice  which  they  have  had,  so 
that  the  differences  in  their  rates  of  reading  may  fairly  be 
attributed  to  real  differences  in  their  rates  of  forming  com- 
plex perceptions  in  rapid  succession,  and  not  to  any  merely 
accidental  differences  arising  from  greater  or  less  facility 
acquired  by  special  practice. 

My  experiments  consisted  in  marking  a  brief  printed 
paragraph  in  a  book  which  had  never  been  read  by  any  of 
the  persons  to  Lom  it  was  to  be  presented.  The  paragraph, 
which  contaiucid  simple  statements  of  simple  facts,  was 
marked  on  the  margin  with  pencil.  The  book  was  then 
placed  before  the  reader  open,  the  page  however  ^ing  covered 
with  a  sheet  of  paper.  Having  pointed  out  to  the  reader 
upon  this  sheet  of  paper  what  part  of  the  underlying  page 
the  marked  paragraph  occupied,  I  suddenly  removed  the 
sheet  of  paper  with  one  hand,  while  I  started  a  chronograph 
with  the  other.  Twenty  seconds  being  allowed  for  reaa  iig 
the  paragraph  (ten  lines  octavo),  as  soon  as  the  time  was  up  I 
again  suddenly  placed  the  sheet  of  paper  over  the  printed 
page,  passed  the  book  on  to  the  next  reader,  and  repeated  the 
experiment  as  before.  Meanwhile  the  first  reader,  the 
moment  after  the  book  had  been  removed,  wrote  down  all 
that  he  or  she  could  remember  having  read.  And  so  on  with 
aU  the  other  readers. 

Now  the  results  of  a  number  of  experiments  conducted  on 
this  method  were  to  show,  as  I  have  said,  astonishing  differ- 
ences in  the  mcufdmum  rate  of  reading  which  is  possible  to 
different  individuals,  all  of  whom  have  been  accustomed  to 
extensive  reading.  That  is  to  say,  the  difference  may  amount 
to  4  to  1 ;  or,  otherwise  stated,  in  a  given  time  one  indi- 
vidual may  be  able  to  read  four  times  as  much  zf:  another. 
Moreover,  it  appeared  that  there  was  no  relationship  between 
slowness  of  reading  and  power  of  assimilation ;  on  the  con- 
trary, when  all  the  efforts  are  directed  to  assimilating  as 
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much  as  possible  in  a  given  time,  the  rapid  readers  (as  shown 
by  their  written  notes)  usually  give  a  better  account  of  the 
portions  of  the  paragraph  which  has  been  compassed  by  the 
slow  readers  than  the  latter  are  able  to  give ;  and  the  most 
rapid  reader  whom  I  have  found  is  also  the  best  at  assimi- 
lating. I  should  further  say  that  there  is  no  relationship 
between  rapidity  of  perception  as  thus  tested  and  intellectual 
activity  as  tested  by  the  general  results  of  intellectual  work ; 
for  I  have  tried  the  experiment  with  several  highly  dis- 
tinguished men  in  science  and  literature,  most  of  whom  I 
found  to  be  slow  readers.  Lastly,  it  is  worth  observing  that 
every  one  who  tries  this  experiment  finds  that  it  is  impossi- 
ble, with  any  amount  of  effort  at  recollection,  to  remember, 
immediately  after  reading  the  paragraph,  all  the  ideas  which 
have  been  communicated  to  the  mind  by  the  paragraph.  But 
as  soon  as  the  paragraph  is  read  a  second  time,  the  forgotten 
ideas  aie  instantly  recognized  as  having  been  present  to  the 
mind  while  reading.  This  shows  that  the  memory  of  a  full 
perception  may,  as  it  were,  be  immediately  crowded  out  by 
rapidly  succeeding  perceptions,  to  the  extent  of  being 
rendered  latent,  although  it  may  be  instantly  recalled  by  the 
lecurrence  of  the  same  perception. 

So  much,  then,  to  show  that  the  personal  equation  in 
different  individuals  varies  the  more  the  greater  the  number 
and  the  higher  the  intricacy  of  the  perceptions  which  are  to 
be  made  in  a  given  time.  I  must  now  say  a  few  words  to 
show  that  the  personal  equation  in  the  same  individual 
admits  of  being  greatly  reduced  by  practice  in  making  par- 
ticular perceptions.  This  is  well  known  to  astronomers  so 
far  as  simple  acts  of  perception  are  concerned,  and  in  all  the 
researches  above  mentioned  touching  tl.e  time-measurements 
of  simple  perceptions,  the  experimenters  found  that  practice 
had  the  effect  of  reducing  the  reaction-time.  The  degree  of 
reduction  which  might  thus  be  produced  was  itself  made  the 
subject  of  experiment  by  Exner,  who  chose  the  old  man 
already  mentioned  in  one  of  tlie  above  quoted  tables  as  having 
the  unusually  long  reaction-time  of  09952".  After  a  little 
more  than  six  months'  practice  at  the  rapid  signalling  of  an 
electric  shock,  the  old  man's  reaction-time  was  reduced  to 
0-1866". 

This  universal  fact  of  repetition  serving  aatly  to  reduce 
the  physiological  time  required  for  the  performance  of  phy- 
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sical  processes  even  of  the  simplest  kind,  is  a  fact  of  great 
significance.  And,  that  the  same  applies  to  perceptions  of 
the  most  multitudinous  and  complex  kind,  is  proved  in 
every-day  life  by  the  acquired  rapidity  with  which  bankers* 
clerks  are  able  to  add  up  figures,  musicians  to  read  a  compli- 
cated score  at  sight,  &c.  But  perhaps  one  of  the  best  cases 
to  quote  in  this  connection  is  the  celebrated  one  of  the  residt 
of  a  systematic  course  of  training  to  which  the  conjuror 
Houdin  submitted  his  son.  The  training  consisted  in  making 
the  boy  walk  rapidly  before  a  shop  window,  and  perceive  as 
many  objects  in  the  window  as  possible.  After  several 
months  the  boy  was  able  to  devour  so  many  objects  at  a 
glance,  that  his  father  advertised  him  as  "  gifted  with  a  mar- 
vellous second  sight ;  after  his  eyes  have  been  covered  with  a 
thick  bandage  he  will  designate  every  object  presented  to 
him  by  the  audience."*  That  is  to  say,  the  boy,  before  his 
eyes  were  bandaged,  was  able  to  perceive  all  the  objects  in 
the  room  which  were  likely  to  be  presented  to  him.  It  is  of 
interest  to  note  that  Houdin,  who  thus  paid  special  attention 
to  the  development  of  rapidity  of  perception,  observes  that 
women  as  a  rule  have  a  greater  rapidity  than  men,  and  says 
that  he  has  known  ladies  who  were  able  while  seeing  another 
lady  "  pass  at  full  speed  in  a  carriage,  have  time  to  analyze 
her  toUette  from  hei  bonnet  to  her  shoes,  and  be  able  to 
dpscribe  not  only  the  fashion  and  quality  of  the  stuffs,  but 
aiao  say  if  the  lace  were  real  or  only  machine  made."t  I 
mention  this  opinion  of  Houdiu  because  in  my  own  obser- 
vations on  rapid  reading  I  have  been  struck  with  the  fact 
that  ladies  nearly  always  carry  off  the  palm. 

Dr.  G.  Buccola  has  shown  in  a  recently  published  essay 
that  the  reaction-time  is,  as  a  general  rule,  less  among  edu> 
cated  than  it  is  among  uneducated  persons,  and  greatest 
among  idiots.}  I  may  also  direct  attention  to  an  interesting 
paper  published  a  few  months  ago  by  Mr.  G.  Stanley  Hall,§ 
"  On  the  lengthening  of  the  Reaction-time  under  the  Influence 
of  Hypnotism :"  the  lengthening  is  not  so  considerable  as 
might  have  been  anticipated. 

I  have  dwelt  thus  at  length  on  all  the  main  facts  which 

*  Memorin  of  Sobtrt  Houdin,  vol.  ii,  p.  0.  F::ofeMor  Preyw  luw  alio 
published  lome  obwrTationi  on  this  subieot.  f  Ibid,,  p.  7. 

X  La  durata  del  dMoernimento  e  della  determinaiione  volition,  Bivi$U  4i 
Filo*.  SeietUtf.,  1,  p.  S.  §  Mimd,  No.  XXX. 


« 


PERCEPTION. 


139 


m 


are  at  present  known  concerning  the  time-relations  observ- 
able in  Perception,  because  with  reference  to  the  theory  of 
the  rise  of  consciorsness,  and  also  of  the  physiological  side 
of  mental  evolution  in  general,  these  facts  are  of  the  highest 
importance.  They  prove  by  actual  measurement  that  the 
simplest  psychical  actions  are  slow  as  compared  with  reflex 
actions,  that  they  can  be  rendered  more  rapid  by  practice, 
but  that  they  can  never  be  brought  to  be  so  rapid  as  reflex 
actions.  We  have  a  further  exemplification  of  the  efiects  of 
practice  in  thus  quickening  the  act  of  perception  in  the 
higher  stages  of  the  process.  For  universally  the  effect  of 
previous  acts  of  perception  is  that  of  placing  the  mind  in 
readiness,  as  it  were,  for  performing  acts  of  the  same  kind. 
The  mental  attitude  as  regards  these  particular  acts  of  per- 
ception is  then  the  attitude  of  what  Lewes  appropriately 
cidled  pre-perception.*  When  the  pre-perceptive  stage  is 
well  established,  the  memory,  or  the  memory  and  inference 
as  the  case  may  be,  arise  in  or  together  with  the  act  of  per- 
ception, so  forming  an  integral  part  of  the  act.  It  is  owing 
to  the  want  of  special  experiences  thr  uuug  children  are  so 
slow  in  forming  perceptions  of  more  than  Lhc;  lowest  degree  of 
complexity ;  as  Mr.  Spencer  observes,  tiiey  take  ii  lon<,'  time 
to  "integrate"  a  strange  face  or  other  unfaraiUiu  object;  and 
this,  otherwise  stated,  means  that  their  mental  atutude  of 
pre-perception  has  not  yet  been  fully  attained  for  such  and 
such  classes  of  objects ;  the  processes  of  memory,  classifica- 
tion, and  inference  do  not  occur  immediately  in  the  act  of 
perception,  and  therefore  the  full  mental  interpretation  of  'he 
object  perceived  is  only  arrived  at  by  degrees.  Similarly,  in 
adult  hfe  the  powers  of  perception  may  be  trained  to  a  mar- 
vellous extent  in  special  lines  by  practice,  as  we  have  already 
seen  in  the  example  of  Houdin's  son,  and  as  we  may  also  b> 
in  the  fact  that  an  "  artist  sees  details  where  to  other  eyes 
there  is  a  vague  or  confused  mass."  The  influence  of  per- 
sistent attention  is  the  most  important  of  all  influences  in 
developing  the  rapidity  and  accuracy  of  the  perceptive 
powers  in  which  their  highest  excellence  consists. 

We  have  now  to  consider  the  important  question  whether 

*  Problemt  qf  L^  anA  Mind,  8rd  ler.,  p.  107.  See  also  Dr.  J.  Hugh- 
lingt  Jaokwn  in  £rai»,  ^o..  III  and  IV ;  and  Mr.  Sully,  in  IUutio$u,  pp. 
S7-80. 
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Perception  arises  out  of  Eeflex  A  tion,  Eefl6x  Action  out  of 
Perception,  or  whether  there  is  any  genetic  continuity  be- 
tween the  two  at  all.  This  is  a  most  difficult  question,  and 
one  which  I  do  not  think  we  are  as  yet  entitled  to  answer 
with  any  kind  of  scientific  confidence. 

According  to  Mr.  Spencer  the  perceptive  faculties  arise 
out  of  the  reflex  when  these  attain  a  certain  level  of  intricacy 
in  their  structure,  or  a  certain  degree  of  rarity  in  their  occur- 
rence. Thus  he  says, "  When,  as  a  consequence  of  advancing 
complexity  and  decreasing  frequency  in  the  groups  of  extemt^ 
relations  responded  to,  there  arise  groups  of  internal  relations 
which  are  imperfectly  organized  and  fall  short  of  automatic 
regularity ;  then,  what  we  caU  Memory,  becomes  nascent."* 
But  as  a  matter  of  fact  it  seems,  I  thmk,  very  questionable 
whether  the  only  factors  vhich  lead  to  the  differentiating  of 
psychical  nervous  processes  from  reflex  nervous  processes 
are  thus  complexity  of  operation  combined  with  infrequency 
of  occurrence.  For  it  is  obvious  that  in  ourselves  certain 
truly  reflex  actions  are  of  immense  intricacy  and  of  exceed- 
ingly rare  occurrence — such,  for  example,  as  vomiting  and 
parturition.  The  truth  is  that,  so  far  as  definite  knowledge 
entitles  us  to  say  anything,  the  only  constant  physiological 
difference  between  a  nervous  process  accompanied  by  con- 
sciousness and  a  nervous  process  not  so  accompanied,  is  that 
of  time.  In  very  many  cases,  no  doubt,  this  difference  may 
be  caused  by  the  intricacy  or  by  the  novelty  of  the  nervous 
process  which  is  accompanied  by  consciousness ;  but,  for  the 
reason  which  I  have  given,  I  do  not  think  we  are  justified  in 
concluding  that  these  are  the  only  factors,  although  I  have 
no  doubt  that  they  are  highly  important  factors.  For  all 
that  we  know  to  the  contrary,  natural  selection  or  other 
causes  may  have  determined  the  physiological  conditions 
necessary  to  the  rise  of  consciousness  (and  so  to  the  perception 
of  pleasure  and  pain),  without  any  question  as  to  intricacy 
or  mfrequency  being  concerned;  in  which  c.ise  the  time- 
relations  needed  to  meet  these  conditions  would  have  become 
evolved  together  with  them.  And  I  think  it  speaks  in  favour 
of  some  such  view  as  this  that  the  structure  of  the  cerebral 
hemispheres  is  in  some  respects  strikingly  unlike  the  structure 
of  the  reflex  centres. 

Be  the  factors  what  they  may,  however,  it  is  a  great 

•  Frinoipltt  <^  Ptj/ohologjf,  vol.  i,  p.  446. 
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matter  to  have  the  sure  ground  of  experiment  on  which  to 
rest  the  fact  that  universally  psychical  processes  represent 
comparative  delay  of  ganglionic  action.  For  from  this  fact 
the  obvious  deduction  is,  as  stated  in  a  previous  chapter, 
that  psychical  processes  constitute  the  subjective  expression 
of  objective  turmoil  among  molecular  forces;  reflex  action 
may  be  regarded  as  the  rapid  movement  of  a  well-oiled 
machine,  consciousness  is  the  heat  evolved  by  the  internal 
friction  of  some  other  machine,  and  psychical  processes  as  the 
light  which  is  given  out  when  such  heat  rises  to  redness. 
Presumably,  therefore,  psychical  processes  arise  with  a  vivid- 
ness and  intricacy  proportional  to  the  amount  of  ganglionic 
friction — as,  indeed,  appears  to  be  experimentally  proved  by 
the  observations  of  Bonders  before  described.  Now  it  is 
certain  that  by  frequency  of  repetition, — i.e.,  by  practice  in  the 
performance  of  any  particular  psychical  act — the  amount  of 
this  ganglionic  friction  admits  of  being  lessened  (as  shown 
by  the  time  required  for  the  ganglionic  action  being  reduced), 
and  that  concurrently  with  this  change  on  the  objective  side 
of  matters,  a  change  takes  place  on  the  subjective,  in  that  the 
action  which  was  previously  conscious  tends  to  become 
automatic. 

Now  from  these  considerations  I  think  the  inference 
would  appear  to  be,  that  reflex  action  and  perception  probably 
advance  together — each  stage  in  the  development  of  the  one 
serving  as  the  groundwork  for  the  next  stage  in  the  develop- 
ment of  the  other.  And  in  corroboration  of  this  view  is  the 
general  fact,  that  throughout  the  animal  kingdom  there  is  a 
pretty  constant  correspondence  between  the  complexity  of 
the  reflex  actions  presented  by  an  organism  and  the  level  of 
its  psychical  development. 
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CHAPTEE  X. 


Imagination. 


We  have  already  considered  the  psychology  of  Ideation  to 
the  extent  of  defining  the  sense  in  which  I  employ  the  word 
"  Idea"  or  "  Image,"  and  also  to  the  extent  of  tracing,  both  on 
the  side  of  physiology  and  on  that  of  psychology,  the  prin- 
ciple of  the  association  of  ideas.*  We  have  now  to  analyze 
the  psychology  of  Ideation  somewhat  more  in  detail 

The  simplest  case  of  an  idea  is  the  memory  of  a  sensa- 
tion. That  a  sensation  may  be  remembered  even  when  there 
has  been  no  perception  is  proved,  not  only  by  the  fact  before 
mentioned  that  an  L^fant  only  a  day  or  two  old  can  distin- 
guish a  change  of  milk  but  also  by  the  fact,  which  must  be 
familiar  to  dl,  that  SMveral  minutes  after  an  unperceived 
sensation  is  past,  we  a  e  able  by  reflection  to  remember  that 
we  have  had  the  sensation.  For  example,  a  man  reading  a 
book  may  hear  a  clock  strike  from  one  to  five  strokes  (or 
perhaps  more)  without  perceiving  the  sound,  yet  a  minute  or 
two  afterwards  he  can  recall  the  past  sensation  and  tell  the 
number  of  strokes  which  have  occurred.  And  in  simpler 
instances  the  memory  of  a  sensation  may  extend  over  a  much 
longer  time. 

The  simplest  case  of  an  idea,  then,  being  the  memory  of  a 
past  sensation  (as  distinguished  from  the  memory  of  a  past 
perception),  it  follows  that  the  earliest  stages  of  ideation 
must  be  hold  to  correspond  with  those  earlier  stages  of 
memory  which  we  have  already  described,  wherein  as  yet 
there  is  no  association  of  ideas,  but  merely  a  perception  of 
a  present  sensation  as  like  or  unlike  a  past  one.  Hence 
in  its  most  elementary  form  an  idea  may  be  said  to  consist 
in  the  faint  revival  of  a  sensation.  This  view  has  already 
been  advanced  with  much  clearness  by  Mr.  Spencer,  Professor 

•  Bee  Olwpten  II  and  III. 
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Bain,  and  others,  who  also  maintain,  with  consider' Mu  pro- 
bability, that  the  cei'ebral  change  accompanying  the  idea  of  a 
past  sensation  is  the  same  in  kind  and  place,  though  not  in 
degree  of  intensity,  as  was  the  cerebral  change  which  accom- 
panied the  original  sensation.* 

In  its  next  stage  of  development  Ideation  may  be  re- 
garded as  the  memory  of  a  simple  perception,  and  imme- 
diately after  this  the  principle  of  association  by  contiguity 
comes  in.  Later  on  there  arises  association  by  similarity, 
and  from  this  point  onwards  Ideation  advances  by  abstrao 
tion,  generalization,  and  symbolic  construction,  in  ways  and 
degrees  which  will  constitute  one  of  the  topics  to  be  con- 
sidered in  my  next  work. 

From  this  brief  sketch,  then,  it  will  be  seen  that  we  have 
already  considered  the  lowest  stages  of  Ideation  while  treating 
of  Memory  and  the  Association  of  Ideas.  Besuming,  there- 
fore, the  analysis  at  the  point  where  we  there  left  it,  I  shall 
devote  this  chapter  to  a  consideration  of  those  higher  phases 
of  the  idea-forming  powers  which  we  may  conveniently  in- 
clude under  the  general  term  Imagination. 

Now,  under  this  general  term  we  include  a  variety  of 
mental  states,  which  although  all  bearing  kinship  to  one 
another,  are  so  diverse  in  the  degree  of  mental  development 
which  they  betoken  that  we  must  begin  by  analyzing  them. 

As  used  in  popular  phraseology,  the  word  Imagination  is 

*  Thus,  Mr.  Spencer  says,  "  The  idea  is  an  imperfect  and  feeble  repetition 
of  the  original  impression  .  .  .  There  is  first  a  presented  manifestation  of  the 
Tirid  order,  and  then,  afterwards,  there  may  come  a  rraresented  manifestation 
that  is  like  it  except  in  being  much  less  distinct"  {Firtt  Prineiplet,  p.  146.) 
And  Professor  Bain  says, "  What  is  the  manner  of  occupation  of  the  bram  with 
a  resuscitated  feeling  of  resistance,  a  smell,  or  a  sound  F  There  is  only  one 
answer  that  seems  admissible.  The  renewed  feeling  oeoupiea  the  very  tame 
parte,  and  in  the  tame  manner,  at  the  original  feeling,  and  no  other  P^^ftt, 
nor  in  anv  other  atiignable  manner  "    {Seniet  and  Intellect,  p.  SSS.)    While 

3[uite  assenting  to  thu  riew  of  ideation,  so  far  as  the  psychology  oi  the  sub- 
eot  is  concerned,  I  think  we  are  much  too  ignorant  of  the  physiology  of 
cerebration  to  indulse  in  any  such  confident  assertions  respecting  the  precise 
■eat  and  manner  of  the  formation  of  ideas.  Again,  with  reference  to  Mr. 
Spencer's  views,  it  is  needless  to  repeat  the  point  in  which  I  disagree  with 
hun  touching  the  earliest  stages  of  memory — or  those  before  the  advent  of 
the  association  of  ideas.  Only  I  may  point  out  that  as  the  simplest  possible 
idea  is  held  to  consist  in  a  faint  revival  of  a  sensation  (as  distinguished  from 
a  perception),  it  follows  that  the  occurrence  of  the  simplest  possible  idea 
precedes  the  occurrence  of  its  association  with  any  other  idea ;  and  if  so, 
the  memorg  of  the  sensation,  or  the  faint  revival  of '..he  sensation  in  which 
the  idea  is  held  to  consist,  must  also  precede  any  asso<)iation  with  other  faint 
(•vivab  of  the  s»m«  kind. 
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taken  to  mean  the  highest  development  of  the  faculty  in  the 
intentional  imaging  of  past  impressions.  In  this  sense  we 
speak  of  the  imaginations  of  the  poet,  imaginations  of  the 
heart,  scientific  use  of  the  imagination,  and  so  on ;  in  all  of 
which  cases  we  presuppose  the  powers  of  high  abstraction  as 
well  as  those  of  intentional  ideal  combinations  of  former 
actual  impressions.  It  is  needless  to  say  that  even  in  man, 
long  before  the  faculty  in  question  attains  to  this  degree  of 
development,  it  occurs  in  lower  degrees.  Indeed,  this 
highest  degree  may  be  said  to  bear  the  same  relation  to  the 
lower  degrees  that  recollection  bears  to  memory ;  it  implies 
the  introspective  searching  of  the  mind  with  the  conscious 
purpose  of  forming  an  ideal  structure.  But  just  as  recollec- 
tion is  preceded  by  memory,  or  the  power  of  intentional 
association  by  that  of  sensuous  association,  so  is  imagination 
of  the  intentional  kind  preceded  by  imagination  of  the 
sensuous. 

After  considering  the  subject  I  think  we  may,  for  the 
purposes  of  analysis,  conveniently  divide  the  grades  of 
Imagination  into  four  classes : — 

1.  On  seeing  any  object,  sujh  as  an  orange,  we  are  at 
once  re-minded  of  the  taste  of  an  orange — have  an  imagina- 
tion of  that  taste ;  and  this  is  called  up  by  the  force  of  mere 
sensuous  association.  This  is  the  lowest  stage  of  mental 
imagery. 

2.  Next  we  have  the  stage  in  which  we  form  a  mental 
picture  of  an  absent  object  suggested  to  us  by  some  other 
object,  as  when  water  may  suggest  to  us  the  idea  of  wine. 

3.  At  a  stiU  higher  stage  we  may  form  an  idea  indepen- 
dently of  any  obvious  suggestion  from  without,  as  when  a 
lover  thinks  of  his  mistress  even  in  spite  of  external  dis- 
tractions ;  the  course  of  ideation  is  here  self -sustained,  and 
no  longer  dependent  for  its  mind-pictures  (ideas)  upon  the 
suggestions  of  immediate  sense-perceptions.  At  this  stage 
we  have  dreaming  in  sleep,  where  the  course  of  ideation  runs 
on  in  a  continuous  stream  when  all  the  channels  of  sense  are 
closed. 

4.  Lastly  we  have  the  stage  of  intentionally  forming 
mind-pictures  with  the  set  purpose  of  obtaining  new  ide&L 
combinations. 

Such  being  the  great  differences  in  the  degrees  to  which 
the  faculty  of  Imagination  may  attain,  I  have  made  the 
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branch  in  the  diagram  which  represents  the  faculty  a  very 
long  one,  reaching  ..com.  level  19  to  level  38.  The  top  of  the 
branch  therefore  reaches  as  high  as  the  top  of  Abstraction, 
about  as  high  as  two-thirds  of  Generalization,  and  beyond 
the  origin  of  Reflection.  Of  course  these  comparative  esti- 
mates are  intended  here,  as  elsewhere,  to  indicate  merely 
with  some  rough  approximation  to  the  probable  truth  the  ^^ 

relative  amount  of  elaboration  presented  by  each  of  the 
mental  species  which  we  denominate  faculties.  I  consider, 
indeed,  as  I  have  said  before,  that  these  species  are  them- 
selves of  an  artificial  or  conventional  character — that  what 
we  call  faculties  are  abstractions  of  our  own  making  rather 
than  objective  or  independent  actualities,  and  therefore  that 
the  classification  of  these  faculties  by  psychologists  only 
deserves  in  some  remote  sense  to  be  regarded  as  a  natural 
one.  Still  it  is  the  best  classification  available  for  the 
purpose  of  comparing  one  grade  of  mental  evolution  with 
another,  and  there  can  be  no  harm  in  adopting  it  if  we 
remember,  what  I  desire  always  to  be  remembered,  that  my 
representative  tree  is  designed  only  to  show  the  general 
relation  between  the  faculties  of  mind  as  these  have  been 
formulated  by  psychologists. 

But  even  on  this  rough  and  general  plan  it  may  seem  to 
require  explanation  why  I  represent  the  apex  of  Imagina- 
tion as  attaining  to  the  same  level  as  the  apex  of  Abstraction, 
for  psychologists  might  naturally  infer  from  my  doing  so  that 
I  am  inadvertently  endorsing  the  doctrine  of  ^nnmiifnalinmi  ^  ak.£i^,^^^ 
Such,  however,  is  not  the  case.  For,  although  it  is  tme  that, 
if  we  were  able  to  imagine  every  abstraction,  '^p"""p»"°HflT^  ^  ^  /^^ Wn- 
would  become  the  only  rational  theory,  I  do  not  intend  the 
diagram  to  favour  any  so  absurd  a  notion.  In  my  next  work, 
when  I  shall  have  occasion  to  explain  the  higher  branches 
of  the  representative  tree,  it  will  become  apparent  that,  as  I 
do  not  intend  Abstraction  to  include  Generalization  or 
Reflection,  I  am  careful  to  keep  well  within  the  lines  of 
Nominalism. 

Turning  now  to  the  lateral  columns,  it  will  be  seen  that 
I  place  upon  a  level  with  the  rise  of  imagination  the  classes 
Mollusca,  Inaecta,  Arachnida,  Crustacea,  Cephalopoda,  and 
the  cold-blooded  Vertebrata.  My  justification  for  assigning 
to  these  animals  the  first  manifestation  of  this  faculty  will 
be  found,  as  in  other  cases,  in  "  Animal  Intelligence."    Thus 
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the  octopus  which  followed  a  lobster  with  which  it  had  been 
fighting  into  an  adjacent  tank,  by  laboriously  climbing  up 
the  perpendicular  partition  between  the  two  tanks,  must 
have  been  actuated  by  an  abiding  mental  image,  or  memory, 
of  its  antagonist ;  the  spiders  which  attach  stones  to  their 
webs  to  hold  them  steady  during  gales  must  similarly  be 
actuated  by  a  faculty  of  Imagination ;  and  the  same  is  no 
less  true  of  the  crab  which,  when  a  stone  was  rolled  into  its 
burrow,  removed  other  stones  near  its  margin  lest  they 
should  roll  in  likewise.  The  limpet  which  returns  to  its 
home  after  a  browsing  excursion,  must  have  some  dim 
memory  or  mental  image  of  the  place. 

So  much,  then,  for  proof  of  Imagination  of  the  first 
degree.  Imagination  of  the  second  degree — or  that  wherein 
one  object  or  set  of  circumstances  suggests  another  and 
similar  object  or  set  of  circumstances,  occurs  first,  so  far  as 
my  evidence  goes,  amoAg  the  Hymenoptera.  But  here  the 
cases  of  an  association  of  ideas  leading  to  the  establishment 
of  a  mental  imagery  more  or  less  remote  from  the  immediate 
circumstances  of  perception  are  much  too  numerous  to 
quote.  I  shall  therefore  merely  refer  to  the  headings 
"  General  Intelligence "  in  the  chapters  on  Ants,  Bees,  and 
Wasps.*  Among  the  higher  animals  imagination  of  this 
grade  is  of  frequent  occurrence  and  strong  force.  Thus,  to 
supply  only  one  example,  Thompson,  in  his  "  Passions  of 
Animals  "  (p.  59),  gives  the  case  of  a  dog  "  which  refused 
dry  bread,  and  was  in  the  habit  of  receiving  from  his  master 
little  morsels  dipped  in  gravy  of  the  meat  remaining  in  the 
plate,  snapped  eagerly  after  dry  bread  if  he  saw  it  rubbed 
round  the  plate,  and  as,  by  way  of  experiment,  this  was  re- 
peatedly done  till  its  hunger  was  satisfied,  it  is  evident  that 
the  imagination  of  the  animal  conquered  for  the  time  its 
faculties  of  smell  and  taste." 

To  this  order  of  imagination  also  belongs  the  wariness  of 
wild  animals.  Thus  Leroy,  who  in  his  capacity  of  Banger 
had  a  large  experience,  says,  "  In  the  first  hours  of  the  night, 
when  the  countenance  of  darkness  is  in  itself  a  fertile  source 
of  hope  to  the  fox,  the  distant  yelping  of  a  dog  will  check 
him  in  the  midst  of  his  career.  All  the  dangers  which  he 
has  on  various  occasions  passed  through  rise  before  him ;  but 
at  dawn  this  extreme  timidity  is  overborne  by  the  calls  of 
*  Aninuil Intelliyence,  pp.  122-40,  and  181-19. 
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appetite ;  the  animal  then  becomes  bold  by  necessity.  He 
even  runs  to  meet  danger,  knowing  [i.e.,  forecasting  by 
imagination]  that  it  will  be  redoubled  by  return  of  light." 
And  again,  speaking  of  the  wolf  where  rendered  timid  by 
the  hostility  of  man,  he  says  that  it  "  becomes  subject  to 
illusions  and  to  false  judgments,  which  are  the  fruit  of  the 
imagination ;  and  if  these  false  judgments  become  extended 
to  a  sufficient  number  of  objects,  he  becomes  the  sport  of  an 
illusory  system,  which  may  lead  him  into  infinite  mistakes, 
although  perfectly  consistent  with  the  principles  which  have 
taken  root  in  his  mind.  He  will  see  snares  where  there  are 
none;  his  imagination,  distorted  by  fear,  will  invert  the 
order  of  his  various  sensations,  and  thus  produce  deceptive 
shapes,  to  which  he  will  attach  an  abstract  notion  of 
danger,"  &c.* 

I  shall  only  give  one  other  fact  to  prove  the  existence 
of  Imagination  of  the  second  order* in  animals,  but  I  think 
it  is  a  good  one,  because  showing  that  this  faculty  exists  in 
this  degree  in  an  animal  not  having  a  very  high  grade  of 
intelligence — I  mean  the  wild  rabbit.  Every  one  who  has 
ferreted  wild  rabbits  must  have  noticed  that  if  the  warren  has 
been  ferreted  before,  the  rabbits  are  very  unwilling  to  "  bolt," 
allowing  themselves  to  be  seriously  injured  by  the  ferrets 
rather  than  face  the  dangers  awaiting  them  outside.  This 
shows  that  the  rabbits  associate  (owing  to  past  experience) 
the  presence  of  a  ferret  in  their  burrows  with  the  presence 
of  a  sportsman  outside  them  (for  it  does  not  signify  how 
careful  the  sportsman  may  be  to  keep  silent),  and  so  vivid  is 

*  Intelligence  of  Animalt,  pp.  24,  120-1  (English  translation).  The 
well-known  cunning  of  the  fox  and  wolf  in  eluding  the  hounds  is  also  evi- 
dence of  a  vivid  imagination.  In  addition  to  the  caiet  of  this  given  in 
Animal  Intelligence  (pp.  426-30),  I  may  now  publish  the  following,  which 
has  recently  been  comn^uni,  ated  to  me  by  Dr.  C.  M.  Fenn,  of  San  Diego : — 
"  Near  the  south  coast  of  San  Francisco  a  farmer  had  been  much  annoyed  by 
the  loss  of  his  chickens.  His  hounds  had  succeeded  in  capturing  several  of  the 
marauding  coyotes  (a  kind  of  small  wolf),  but  one  of  the  number  constantly 
eluded  the  pursuers  by  making  for  the  coast  or  beach,  where  all  traces  of 
him  would  be  lost.  On  one  occasion,  therefore,  the  farmer  divided  his  park 
of  hounds,  and  with  two  or  three  of  the  dogs  took  a  position  near  the  shore. 
The  wolf  soon  approached  the  ocean  with  the  other  detachment  of  hounds  in 
close  pursuit.  It  was  observed  that  as  the  waves  receded  from  the  shore  he 
would  follow  them  as  closely  as  possible,  and  in  no  instance  made  foot-prints 
in  the  sand  that  were  not  quickly  obliterated  by  the  swell.  When,  finally, 
he  had  gone  far  enough,  as  he  supposed,  to  destroy  the  scent,  he  turned 
inland." 
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the  mental  picture  of  this  outside  enemy,  that  the  animal 
will  for  a  long  time  suffer  the  immediate  pain  and  terror  at 
the  teeth  and  claws  of  the  ferret  before  venturing  to  expose 
itself  to  the  more  remote  hut  still  more  deadly  pain  which  it 
fears  at  the  hands  of  the  man. 

Coming  now  to  Imagination  of  the  third  degree,  or  that 
which  implies  the  power  of  forming  ideas  independently  of 
any  obvious  suggestions  from  without,  we  have  first  to  con- 
sider how  this  kind  of  imagination,  even  if  present  in  animals, 
could  be  expressed.  Now,  apart  from  articulate  expression 
or  intelligent  gesture,  it  is  evident  that  the  objective  indices 
of  imagination  in  this  degree  are  so  limited  in  number  as  to 
be  well-nigh  absent.  Even,  therefore,  if  we  assume  such 
imagination  as  present  in  any  given  animal,  we  might  find  it 
difficult  to  suggest  the  kind  of  action  to  which  it  might  give 
rise,  and  which  might  be  taken  as  unequivocal  proof  of  such 
faculty.  "What  we  require,  it  will  be  observed,  is  some  class 
or  classes  of  actions  which  must  be  due  to  imagination  of 
this  degree  and  can  be  due  to  nothing  else.  I  only  know  of 
three  such  classes,  which,  however,  are  conclusive  as  establish- 
ing the  fact  of  such  imagination  being  present  in  the  animals 
which  display  them.  It  is  almost  needless  to  add  that 
imagination,  even  of  this  level  of  development,  may  well 
be  present  among  animals  lower  in  the  scale,  which  yet  is  not 
apparent  on  account  of  being  developed  in  lines  which  do 
not  express  themselves  in  either  of  the  three  classes  of 
actions  on  which  I  rely  in  the  case  of  the  higher  animals. 

The  first  of  these  actions  is  Dreaming.  Thi?,  wherever  it 
is  found  to  occur,  constitutes  certain  proof  of  imagination 
belonging  to  what  I  have  called  the  third  degree. 

The  fact  that  Dogs  dream  is  proverbial,  and  was  long  ago 
remarked  by  Seneca  and  Lucretius.  According  to  Dr.  Lauder 
Lindsay  the  Horse  also  dreams,  as  shown  by  its  "  shuddering, 
shivering,  quivering,  quaking,  or  trembling.  These  phe- 
nomena are  concomitants  or  results  in  the  waking  state  of 
excitement,  fear,  ardour,  impetuosity,  or  impatience.  Hence 
it  is  quite  legitimately  inferred  by  Montaigne  and  others  that 
the  same  feelings  or  mental  conditions  are  developed  during 
sleep  and  dreaming,  and  are  likely  to  be  associated  in  the 
racehorse  with  imaginary  races,  as  in  the  sporting  dog  with 
imaginary  coursing."* 

*  Mind  im  tk«  Lower  Animalt,  toL  ii,  pp.  96-6. 
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The  authorities  which  I  have  been  able  to  find  who 
assert  that  dreaming  occurs  in  Birds  are  Cuvier,  Jerdon, 
Houzeau,  Bechstein,  Bennet,  Thompson,  Lindsay,  and  Dar- 
win.* Thompson  also  says  that  Crocodiles  dream,  but  as  he 
gives  no  references  to  substantiate  the  statement,  I  have 
ignored  it,  and  in  the  diagram  placed  dreaming  on  a  level 
with  Birds,  as  the  lowest  animals  which  I  feel  there  is 
adequate  evidence  to  accredit  with  this  faculty.  According 
to  the  writer  last  named,  who  is  generally  accurate,  "  Among 
Birds  the  stork,  the  canary,  the  eagle,  and  the  parrot ;  and 
among  the  Mammalia  the  elephant,  the  horse,  and  the  dog, 
are  incited  in  their  dreams."  Bennet  noticed  that  water- 
birds  moved  their  legs  in  their  sleep,  as  if  in  the  act  of 
swimming ;  and  Hennabe  heard  the  hyrax  utter  a  faint  cry. 
Bechstein  has  described  dreaming  in  a  bullfinch,  and  the 
dreams  appeared  to  be  of  the  character  of  nightmares,  for 
"  the  terror  begotten  during  sleep  was  such  that  it  required 
its  mistress's  interference  to  prevent  bad  effects.  It  fre- 
quently fell  from  its  perch,  but  became  immediately  tranquil- 
lised  and  reassured  by  the  voice  of  its  mistress."  Lastly, 
Houzeau  asserts  that  parrots  sometimes  talk  in  their  sleep."*}* 

The  second  class  of  facts  on  which  I  rely  as  proof  of 
Imagination  of  the  third  degree  in  animals  is  that  of  Delu- 
sions. 

Dr.  Lauder  Lindsay  writes  with  truth: — "Delusions  of 
sight  in  animals  take  the  form,  as  in  man,  of  phantoms  or 
phantasms.  ...  of  imaginary  persons,  animals,  or  things. 
And,  moreover,  it  would  appear  to  be  the  same  kind  of 
spectral  images  that  occur  in  other  animals  as  in  man,  in 
canine  rahieSj  for  instance,  as  in  human  hydrophobia. ":(  On 
this  subject  Fleming  writes : — "  It  (i.e.,  a  rabid  dog)  appeared 
as  if  it  was  haunted  by  some  horrid  phantoms.  ...  At 
times  it  would  seem  to  be  watching  the  movements  of  some- 
thing on  the  floor,  and  would  dart  suddenly  forward  and  bite 

*  See,  for  original  passages  or  references,  Sirdi  of  India,  vol.  i,  p.  xxi ; 
Fetcultet'Mentalea  dea  Animatuf,  ^c,  tome  ii,  p.  183 ;  Mind  in  the  Lower 
Am'male,  vol.  ii,  p.  96 ;  Paasione  ^  Animala,  p.  60;  and  Deeoent  of  Man, 
p.  74. 

t  According  to  Pierguin,  GKier,  Elam,  and  Lindsay,  dreaming  in  animals 
may  be  so  viTid  as  to  lead  to  somnambulism  (see  Lindsay,  loo.  oit,,  p.  97, 
et  *eq,).  Thus  Quer  asserts  that  "  the  somnambulistic  wateh-dog  prowls  in 
search  of  imaginary  strangers  or  foes,  and  exhibits  towards  them  a  whole 
•ones  of  pantomimift  actiona,*'  including  barking. 

X  Loo.  oit.,  p.  108. 
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at  the  vacant  air,  as  if  pursuing  something  against  which  it 
had  an  enmity."  And,  indeed,  this  peculiarity  of  being 
liable  to  optical  delusions  is  so  usual  and  well  marked  a 
feature  in  rabid  dogs.,  that  it  generally  constitutes  the  earliest 
and  most  certain  symptom  of  disease.*  My  friend  Mr.  Walter 
Pollock  sends  me  the  following  account  of  a  Scotch  terrier 
bitch  which  he  possessed : — "  She  had  a  curious  hatred  or 
horror  of  anything  abnormal—  for  instance,  it  was  long  before 
she  coidd  tolerate  the  striking  of  a  spring  bell,  which  when 
I  first  knew  her  was  a  new  experience  to  her.  She  expressed 
her  dislike  and  seeming  fear  by  a  series  of  growls  and  barks, 
accompanied  by  setting  her  hair  up  on  end.  She  used  from 
time  to  time  to  go  through  exactly  the  same  performance 
after  gazing  fixedly  into  what  seemed  to  be  vacancy.  This 
attracted  my  attention,  and  I  used  to  be  on  the  look  out  for 
it,  but  carefully  avoided  in  any  way  tempting  her  to  make 
any  display  of  this  peculiarity.  I  simply  watched  her  when- 
ever I  was  alone  with  her.  The  constant  repetition  in  these 
circumstances  nf  her  seeming  to  see  some  enemy  or  portent 
unseen  by  me,  and  giving  vent  to  her  feelings  in  the  way 
already  described,  led  me  to  the  conclusion  that  at  these 
times  she  was  the  victim  of  optical  illusion  of  some  kind.  I 
could,  as  I  have  already  hinted,  produce  the  same  effect  upon 
her  by  doing  some  unexpected  and  in'ational  thing,  until  she 
had  become  accustom«^d  to  this  kind  of  experiment.  But 
after  this  the  seeing,  as  it  seemed  to  be,  of  some  sort  of 
phantom  remained  unabated.  I  had  no  opportunity  of  dis- 
cerning whether  the  phenomena  occurred  at  any  regular 
intervals,  or  whether  they  were  more  frequent  after  sleep 
than  at  other  times." 

Pierquin  describes  a  female  ape  which  had  a  sun-stroke, 
and  afterwards  use  to  become  terror-struck  by  delur^ions  of 
some  kind.  She  also  used  to  snap  at  imaginary  objects,  and 
"  acted  as  if  she  had  been  watcliing  and  catohing  at  insects 
on  the  wing."t 

It  seems  needless  for  our  present  purpose  to  give  more 
evidence  on  the  faot  of  animals  being  subject  to  delusions, 
and  so  I  shall  pass  on  to  the  third  class  of  facts  on  which  I 
rely  as  evidence  that  animals  present  Imagination  of  what  I 
have  called  the  third  order.     This  class  of  facts  consists  of 

*  8ee  Touat,  On  tht  Dog,  under  Rnhiet. 

t  TraUi  d»  ta  FoUe  d»»  Animam,  4^e.,  tome  i,  p.  98. 
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animals  showing  by  their  actions  that  they  have  in  their 
"  mind's  eye  "  a  picture  or  representation  of  absent  objects. 

Every  one  must  havi?  observed,  for  instance,  the  greater 
spirit  with  which  jaded  horses  ret  im  on  their  homeward 
journey,  as   compared  with  the   sluggishness  and  lack  of 
energy  on  their  out-going  journey.     This  can  only  be  ex- 
plained by  supposing  that  the  animals  have  a  mental  picture 
of  their  stables,  with  its  ideal  accompaniments  of  food  and 
repose.      Again,  the  desire  which  many  animals  show  to 
return  to  their  habitual  haunts  when  removed  from  them  can 
only  be  explained  by  supposing  them  to  retain  a  mental 
picture,  or  imagination,  of  their  previously  happy  experience. 
The  promptings  of  this  imagination  are  frequently  so  strong 
as  to  induce  the  animals  to  brave  the  dangers  and  fatigues  of 
hundreds  of  miles  of  travel  for  the  sole  purpose  of  returning 
to  the  scenes  which  occupy  their  imaginations.    "  Pigeons, 
dogs,  cats,  and  horses,  when  removed  from  their  former 
homes,  give  repeated  and  daily  instances  of  the  fact.      It 
crushes  and  overwhelms  the  faculties  of  ihe  mind,  and  pros- 
trates the  energies  of  the  body.      Thus  many  birds,  when 
encaged,  become  so  utterly  spirit-broken,  that  they  refuse  all 
nourishment,  pine  for  a  few  days,  and  die.      This  is  paiticu- 
larly  the  case  with  song-birds.     ...    If  the  Howling 
Mon!:ey  is  caught  wlien  full-grown,  it  become  melancholy, 
refuses  all  food,  and  dies  in  a  few  weeks ;   it  is  also  ihe  same 
with  the  Puma;   and  Burdach  states  that  death  sometimes 
ensues  so  immediately,  that  it  can  only  arise  from  a  sudden 
8ud  violent  pressure  on  the  mind."* 

Although  it  .uay  be  objected  to  this  interpretation  of 
pining  under  cori  Inement  that  the  fact  may  be  due  to  the 
mere  absence  of  liberty  or  changed  condition  of  life,  without 
any  mental  and  contrasted  picture  of  previous  experience,  I 
think  that  this  objection  is  precluded  in  other  and  analogous 
cases  to  which  I  shall  next  refer,  and  which  serve  in  larger  if 
not  in  full  measure  to  disarm  this  criticism  as  applied  to  such 
cases  as  the  above.  I  allude  to  all  those  cases  so  frequently 
observed  among  domestic  animals  where  similar  pining  occurs 
without  there  being  any  change  in  the  conditions  of  life, 
except  the  sudden  withdrawal  of  e.  master  or  companion  to 
whicti  the  animal  is  strongly  attached.  I  have  myself 
known  a  case  in  which  a  terrier  of  my  own  household,  on  the 

*  Thompwn,  Pattxom  <ff  AnimaU,  pp.  64-6. 
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sudden  removal  of  his  mistress,  refused  all  food  for  a  number 
of  days,  so  that  it  was  thought  he  must  certainly  die,  and  his 
life  was  only  saved  by  forcing  him  to  eat  raw  eggs.  Yet  all 
his  surroundings  remained  unchanged,  and  every  one  was  as 
kind  to  him  as  they  always  had  been.  And  that  the  cause 
of  his  pining  was  wholly  due  to  the  absence  of  his  beloved 
mistress,  was  proved  by  the  fact  that  he  remained  perma- 
nently outside  her  bedroom  door  (although  he  knew  she  was 
not  inside),  and  could  only  be  induced  to  go  to  sleep  by 
giving  him  a  dress  of  hers  to  lie  upon.  No  one  could  have 
seen  this  dog  without  being  persuaded  that  he  had  a  constant 
mental  picture  of  his  mistress  in  his  imagination,  and  suffered 
the  keenest  mental  anguish  from  her  continued  absence. 
Similarly  there  are  numberless  anecdotes  on  record,  most  of 
which  are  probably  true,  of  dogs  actually  dying  under  such 
circwTn«»tan')es. 

All  these  facts,  then,  taken  together — ^viz.,  dreaming,  de- 
lusions, "  home  sickness,"  and  pining  for  friends — clearly 
prove  the  presence  among  higher  animals  of  Imagination  in 
what  I  have  called  the  third  order.  A  question  may  here 
arise  as  to  whether  I  have  not  in  the  diagram  placed  the  rise 
of  Imagination  too  low.  I  place  the  first  origin  of  this 
faculty  on  level  19,  which  corresponds  with  that  of  the 
Mollusca  and  an  infant  seven  weeks  old.  This  question,  like 
aU  others  of  line-drawing  among  the  psychological  faculties, 
is  confessedly  a  difficult  one^  but  the  reasons  why  I  have 
placed  the  dawn  of  Imagination  so  low  in  the  psychological 
scale  are  as  follows : — 

It  will  be  remembered  that  the  kind  of  Imagination 
which  we  have  recently  been  considering  belongs  to  what  I 
consider  a  high  level  of  development.  That  ia  to  say,  I  con- 
sider the  power  of  dreaming  to  occupy  a  place  about  one 
third  of  the  distance  between  the  first  dawn  of  the  imagina- 
tive faculty  and  its  maximum  development  in  a  Shakespeare 
or  a  Faraday.  I  so  consider  it  because  I  believe  that  to  pass 
t  trough  what  I  have  called  the  first  three  stages,  so  as  to 
arrive  at  the  power  of  forming  mental  pictures  independently 
of  sensuous  suggestions  from  without,  the  imaginative  faculty 
lias  made  so  enormous  a  progress  from  its  earliest  begin- 
nings, that  the  rest  of  its  development  along  the  same 
lines  is  really  nothing  more  than  a  function  of  the  faculty 
of  Abstraction.     Superimpose  upon   the  psychology  of   a 
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terrier  which  pines  for  its  absent  mistress  an  elaborate 
structure  of  abstract  ideation,  and  the  terrier's  imaginative 
faculty  would  begin  to  rival  that  of  man.  Of  course  it  will 
be  said  that  abstraction  presupposes  imagination,  and  so 
undoubtedly  it  does;  stiU  the  two  are  not  identical,  as  is 
proved  by  the  fact  that  for  the  building  up  of  abstraction  to 
any  exalted  height,  language,  or  mental  symbolism  of  some 
kind,  is  indispensable ;  and  mental  symbols  are  so  many 
artifices  for  the  saving  of  imagination. 

Now  if  at  first  sight  it  seems  absurd  to  accredit  a  mollusk 
with  imagination,  we  must  remember  exactly  what  we  mean 
by  imagination  in  the  lowest  possible  phase  of  its  develop- 
ment We  mean  merely  the  power  of  forming  a  definite 
mental  picture,  or  of  retaining  a  memory,  no  matter  of  how 
rudimentary  a  kind ;  provided  that  the  memory  implies  some 
dim  idea  of  an  absent  object  or  experience,  and  not,  as  in  the 
case  of  an  infant  disliking  the  taste  of  strange  milk,  merely 
an  immediate  perception  of  contrast  between  an  habitual  and 
a  present  sensatioa  And  that  we  find  such  a  level  of 
mental  development  as  low  down  in  the  zoological  scale  as 
the  Gasteropoda,  would  seem  to  be  proved  by  the  fact  ali-eady 
alluded  to  of  limpets  returning  to  their  homes  in  the  rocks 
after  feeding.  Of  course  the  mental  image  which  a  limpet 
forms  of  its  home  in  a  rock  cannot  be  supposed  to  be  com- 
parable in  point  of  vividness  or  complexity  with  the  mental 
image  that  a  horse  retains  of  its  stall,  or  a  dog  of  its  kennel ; 
still,  such  as  it  is,  it  is  a  mental  image,  and  therefore  betokens 
imagination.  More  vivid,  and  therefore  more  definite,  is  the 
mental  image  that  a  spider  forms  of  her  lair,  who  when  dis- 
lodged and  carried  away  to  a  short  distance  again  returns  to 
her  old  home.  (Level  20.)  With  a  still  further  advance  in 
the  power  of  mental  imagery  (level  21)  we  find  supplied  the 
psychological  conditions  for  the  ideation  of  cold-blooded  Ver- 
tebrata,  such  m  the  determination  displayed  by  migratory 
Fishes  (notably  the  salmon)  to  visit  particular  localities  in 
the  spawning  season.  On  the  next  level  (22)  we  reach  the 
higher  Crustacea,  which,  as  we  have  already  seen,  are  able  to 
imagine  in  a  high  degree.  Next  we  coine  to  Reptiles,  con- 
cerning which  I  may  quote  the  following  anecdote  from 
Lord  Monboddo :  "  I  am  well  informed  of  a  tame  serpent  in 
the  East  Indies,  which  belonged  to  the  late  Dr.  Vigot,  once 
kept  by  him  in  the  suburbs  of  Madras.     This  serpent  was 
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taken  by  the  French,  when  they  invested  Madras,  in  the  late 
war,  and  was  carried  to  Pondicherry  in  a  close  carriage.  But 
from  thence  he  found  his  way  back  again  to  his  old  quarters, 
though  Madras  is  over  one  hundred  miles  distant  from 
Pondicherry."  If  we  substitute  yards  for  miles,  similar  cases 
are  on  record  with  regard  to  frogs  and  toads — which  from  being 
so  numerous  can  scarcely  all  be  false.  And  that  some  reptiles 
have  an  imagination  passing  into  what  I  have  called  the  third 
stage  is  proved  by  the  case  of  the  python  mentioned  in  "Animal 
Intelligence,"  which,  when  sent  to  the  Zoological  Gardens, 
pined  for  its  previous  master  and  mistress.  The  Cephalopoda 
and  Hymenoptera  have  already  been  alluded  to.  Lastly,  on 
the  next  level  (25)  we  attain  in  Birds  to  imagination  proved 
to  be  unquestionably  of  the  third  degree  by  the  phenomenon 
of  dreaming.  Above  this  level  it  is  not  of  so  much  interest  to 
trace  the  improvement  of  the  faculty.  Such  improvement 
througliout  the  subsequent  levels  till  man,  probably  consists 
only  in  a  progressive  advance  through  imagination  of  the 
third  degree — it  being  I  think  highly  improbable,  and  cer- 
tainly not  betokened  by  any  evidence,  that  imagination  in 
any  animal  attains  to  what  I  have  called  the  fourth  degree, 
which  I  therefore  consider  distinctive  of  man. 

"  For  know  that  in  the  soul 
Are  many  lessor  faculties  that  serve 
Reason  as  chief.    Among  these,  Fancy  next 
Her  oinoo  holds.    Of  all  external  things. 
Which  the  five  watchful  senses  represent. 
He  forms  imaginations,  ainr  shapes  ; 
Which  Reason  joining  or  disjoining,  forms 
All  that  we  affirm,  or  what  deny. 
And  call  our  knowledge." — Mil<TOK. 

Before  taking  leave  of  Imagination  there  are  two  branches 
of  the  subject  which  I  should  like  briefly  to  consider.  One 
is  the  opinion  held  by  Comte  that  the  higher  animals  present 
ideas  of  Fetishism.  On  this  topic  I  cannot  more  briefly 
convey  the  material  which  I  have  to  render  than  by  quoting 
a  previous  publication  of  my  own  from  "  Nature."*  "  Mr. 
Herbert  Spencer  in  his  recently  published  work  on  the  '  Prin- 
ciples of  Sociology '  treats  of  the  above  subject.  He  says, 
'  I  believe  M.  Comte  expressed  the  opinion  that  fetichistic 
conceptions  are  formed  by  the  higher  animals.    Holding,  as  I 

*  Vol.  XTii,  p.  168,  at  9eq; 
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have  given  reasons  for  doing,  that  fetichism  is  not  original 
but  derived,  I  cannot,  of  course,  coincide  in  this  view. 
Nevertheless  I  think  the  behaviour  of  intelligent  animals 
elucidates  the  genesis  of  it.  I  have  myself  witnessed  in 
dogs  two  illustrative  cases.'  One  of  these  consisted  in  a 
large  dog,  which,  while  playing  with  a  stick  accidentally 
thrust  one  end  of  it  against  his  palate,  when  '  giving  a  yelp, 
he  dropped  the  stick,  rushed  to  a  distance  from  it,  and 
betrayed  a  consternation  which  was  particularly  laughable 
in  so  ferocious-looking  a  creature.  Only  after  cautious  ap- 
proaches and  much  hesitation  was  he  induced  again  to  lay  hold 
of  the  stick.  This  behaviour  showed  very  clearly  the  fact  that 
the  stick,  while  displaying  none  but  the  properties  he  was 
familiar  with,  was  not  regarded  by  him  as  an  active  agent ; 
but  that  when  it  suddenly  inflicted  a  pain  in  a  way  never 
before  experienced  from  an  inanimate  object,  he  was  led  for 
a  moment  to  class  it  with  animate  objects,  and  to  regard  it 
as  capable  of  again  doing  him  injury.  Similarly,  in  the  mind 
of  the  primitive  man,  knowing  scarcely  more  of  natural 
causation  than  a  dog,  the  anomalous  behaviour  of  an  object 
previously  classed  as  inanimate  suggests  animation.  The 
idea  of  voluntary  action  is  made  nascent ;  and  there  arises  a 
tendency  to  regard  the  object  with  alarm,  lest  it  should 
act  in  some  other  unexpected  and  perhaps  mischievous  way. 
The  vague  notion  of  animation  thus  aroused  will  obviously 
become  a  more  definite  notion,  as  fast  as  the  development  of 
the  ghost-theory  furnishes  a  special  agency  to  which  the 
anomalous  behaviour  can  be  ascribed.' 

"  The  other  case  observed  by  Mr.  Spencer  was  that  of  an 
intelligent  retriever.  Being  by  her  duties  as  a  retriever  led 
to  associate  the  fetching  of  game  with  the  pleasure  of  the 
person  to  whom  she  brought  it,  this  had  become  in  her  mind 
an  act  of  propitiation ;  and  so,  '  after  wagging  her  tail  and 
grinning,  she  would  perform  this  act  of  propitiation  as  nearly 
as  practicable  in  the  absence  of  a  dead  bii-d.  Seeking  about, 
she  would  pick  up  a  dead  leaf  or  other  small  object,  and 
would  bring  it  with  renewed  manifestations  of  friendliness. 
Some  kindred  state  of  mind  it  is  which,  I  believe,  prompts 
the  savage  tu  certain  fetichistic  observances  of  an  anomalous 
kind.' 

"  These  observations  remind  me  of  several  experiments  I 
made  some  years  ago  on  this  subject,  and  wliich  are  perhaps 
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worth  publishing.  I  was  led  to  make  the  experiments  by 
reading  the  instance  given  by  Mr.  Darwin  in  the  '  Descent  of 
Man'  of  the  large  dog  which  he  observed  to  bark  at  a  parasol 
as  it  was  moved  along  a  lawn  by  the  wind,  so  presenting  the 
appearance  of  animation.  The  dog  on  which  I  experimented 
was  a  Skye  terrier — a  remarkably  intelligent  animal,  whose 
psychological  faculties  have  already  formed  the  subject  of 
several  communications  to  this  and  other  periodicals.  As  all 
my  experiments  yielded  the  same  results,  I  will  only  mention 
one.  The  terrier  in  question,  like  many  other  dogs,  used  to 
play  with  dry  bones,  by  tossing  them  in  the  air,  throwing 
them  to  a  distance,  and  generally  giving  them  the  appearance 
of  animation  in  order  to  give  himself  the  ideal  pleasure  of 
worrying  them.  On  one  occasion,  therefore,  I  tied  a  long  and 
fine  thread  to  a  dry  bone,  and  gave  him  the  latter  to  play 
with.  After  he  had  tossed  it  about  for  a  short  time,  I  took 
the  opportunity,  when  it  had  fallen  at  a  distance  from  him 
and  while  he  was  following  it  up,  of  gently  drawing  it  away 
from  him  by  means  of  the  long  invisible  thread.  Instantly 
his  whole  demeanour  changed.  The  bone  which  he  had  pre- 
viously pretended  to  be  alive  now  began  to  look  as  if  it 
were  really  alive,  and  his  astonishment  knew  no  bounds.  He 
first  approached  it  with  nervous  caution,  as  Mr.  Spencer 
describes;  but  as  the  slow  receding  motion  continued,  and 
he  became  quite  certain  that  the  movement  could  not  be 
accounted  for  by  any  residuum  of  the  force  which  he  had 
himself  communicated,  his  astonishment  developed  into  dread, 
and  he  ran  to  conceal  himself  under  some  articles  of  fur- 
niture, there  to  behold  at  a  distance  the  'uncanny'  spectacle 
of  a  dry  bone  coming  to  life. 

"  Now  in  this  and  all  my  other  experiments  I  have  no 
doubt  that  the  behaviour  of  the  terrier  arose  from  his  sense  of 
the  mysterious,  for  he  was  of  a  highly  pugnacious  disposition, 
and  never  hesitated  to  fight  any  animal  of  any  size  or  fero- 
city ;  but  apparent  symptoms  of  spontaneity  in  an  inanimate 
object  which  he  knew  so  well,  gave  rise  to  feelings  of  awe 
and  horror,  which  quite  enervated  him.  And  that  there  was 
nothing  fetichistic  in  these  feelings  may  safely  be  concluded 
if  we  reflect,  with  Mr.  Spencer,  that  the  dog's  knowledge  of 
causation  for  aU  immediate  purposes  being  quite  as  correct 
and  no  less  (stereotyped  than  is  that  of  'primitive  man,' 
when  an  object  of  a  class  which  he  knew  from  uniform  past 
experience  to  be  inanimate  suddenly  began  to  move,  he  must 
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have  felt  the  same  oppressive  and  alarming  sense  of  the 
mysterious  which  uncultured  persons  feel  under  similar  cir- 
cumstances. But  further,  in  the  case  of  this  terrier,  we  are 
not  left  with  d  priori  inferences  alone  to  settle  this  point,  for 
another  experiment  proved  that  the  sense  of  the  mysterious 
in  this  animal  was  sufficiently  strong  in  itself  to  account  for 
his  behaviour.  Taking  him  into  a  carpeted  room,  I  blew  a 
soap-bubble,  and  by  means  of  a  fitful  draught  made  it  inter- 
mittently glide  along  the  floor.  He  became  at  once  intensely 
interested,  but  seemed  unable  to  decide  whether  or  not  the 
fitful  object  was  aUve.  At  first  he  was  very  cautious,  and 
followed  it  only  at  a  distance ;  but  as  I  encouraged  him  to 
examine  the  bubble  more  closely,  he  approaclied  it  with  ears 
erect  and  tail  down,  evidently  with  much  misgiving,  and  the 
moment  it  happened  to  move  he  again  retreated.  After  a 
time,  however,  during  which  I  always  kept  at  least  one  bubble 
on  the  carpet,  he  began  to  gain  more  courage,  and  the  scientific 
spirit  overcoming  his  sense  of  the  mysterious,  he  eventually 
became  bold  enough  slowly  to  approach  one  of  the  bubbles, 
and  nervously  to  touch  it  with  his  paw.  The  bubble,  of 
course,  immediately  burst,  and  I  certainly  never  saw  astonish- 
ment more  strongly  depicted.  On  then  blowing  another 
bubble,  I  could  not  persuade  him  to  approach  it  for  a  good 
while ;  but  at  last  he  came,  and  carefully  extended  his  paw 
as  before,  with  the  same  result.  But  after  this  second  trial 
nothing  would  induce  him  again  to  approach  a  bubble,  and 
on  pressing  him  he  ran  out  of  the  room,  which  no  coaxing 
would  persuade  him  to  re-enter. 

"  One  other  example  will  suffice  to  show  how  strongly 
developed  was  the  sense  of  the  mysterious  in  this  animal. 
When  alone  with  him  in  a  room  I  once  purposely  tried  the 
effect  on  him  of  making  a  series  of  hideous  grimaces.  At 
first  he  thought  I  was  only  making  fun ;  but  as  I  persistently 
disregarded  his  caresses  and  whining  while  I  continued  unna- 
turally to  disturb  my  features,  he  became  alarmed;  slunk 
away  under  some  furniture,  shivering  like  a  frightened  child. 
He  remained  in  this  condition  till  some  other  member  of  the 
family  happened  to  enter  the  room,  when  he  emerged  from 
his  hiding  place  in  groat  joy  at  seeing  me  again  in  my  right 
mind.  In  this  experiment,  of  course,  I  refrained  from  making 
any  sounds  or  gesticulations,  that  might  lead  him  to  think  I 
was  angry.  His  actions  therefore  can  only  be  explained  by 
his  horrified  surprise  at  any  apparently  irrational  behaviour. 
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i.e.,  by  the  violation  of  his  ideas  of  uniformity  in  matters 
psychological.  It  must  be  added,  however,  that  I  have  tried 
the  same  experiment  on  less  intelligent  and  less  sensitive 
terriers  with  no  other  effect  than  causing  them  to  bark  at  me. 
I  w^ill  ouly  add  that  I  believe  the  sense  of  the  mysterious  to 
be  the  cause  of  the  dread  which  many  animals  show  of 
thunder.  I  am  led  to  think  this,  because  I  once  had  a  setter 
which  never  heard  thunder  till  he  was  eighteen  months  old, 
and  on  then  hearing  it  I  thought  he  was  about  to  die  of 
fright,  as  I  have  seen  other  animals  do  under  various  circum- 
stances. And  so  strong  was  the  impression  which  his  extreme 
terror  left  behind,  that  whenever  afterwards  he  heard  the 
boom  of  distant  artillery  practice,  mistaking  it  for  thunder, 
he  became  a  pitiable  object  to  look  at,  and,  if  out  shooting, 
would  endeavour  to  bury  himself  or  bolt  home.  After  having 
heard  real  thunder  on  two  or  three  subsequent  occasions,  his 
dread  of  the  distant  caonon  became  greater  than  ever;  so 
that  eventually,  though  he  keenly  enjoyed  sport,  nothing 
would  induce  him  to  leave  his  kennel,  lest  the  practice  might 
begin  when  he  was  at  a  distance  from  home.  But  the  keeper, 
who  had  a  large  experience  in  the  training  of  dogs,  assured 
me  if  I  allowed  this  one  to  be  taken  to  the  battery  in  order 
that  he  might  learn  the  true  cause  of  the  thunder-like  noise, 
he  would  again  become  serviceable  in  the  field.  The  animal, 
however,  died  before  the  experiment  was  made."* 

Thus  I  think  we  may  safely  set  down  the  sense  of  the 
mysterious  as  thus  undoubtedly  displayed  by  intelligent  dogs 
— and  also,  I  may  add,  by  many  horses  when  going  along  a 
dark  road,  hearing  strange  sounds,  or  seeing  unaccustomed 
sights — to  the  effects  of  imagination  in  s'  -^gesting  vague  pos- 
sibilities in  circumstances  perceived  to  be  unusual ;  just  as 
with  children  under  similar  circumstances  the  undefined 
imagination  of  possible  harm  springing  out  of  such  circum- 
stances in  some  unthought-of  manner,  engenders  that  feeling 
of  unreasonable  dread  which  we  may  in  both  cases  call  a 
sense  of  the  mysterious. 

•  That  such  would  have  been  the  case,  however,  I  have  little  doubt,  for 
on  one  occasion  wlien  a  number  of  apples  were  being  shot  out  of  bags  upon 
the  wooden  floor  of  an  apple-room,  the  sound  in  the  house  as  each  bag  was 
shot  closely  resembled  that  of  distant  thunder.  The  setter,  therefore,  b<M»me 
terribly  alarmed ;  but  when  I  took  him  to  the  apple>room  and  showed  him 
the  real  cohm  of  the  noise,  his  dread  entirely  left  nim,  and  on  again  returning 
to  the  house  he  listened  to  the  rumbling  with  all  cheerfulness. 
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CHAPTER  XI. 

Instinct. 

Definition. 

I  SHALL  begin  this  important  and  extensive  part  of  my 
subject  by  repeating  the  definition  of  Instinct  which  I  laid 
down  in  my  former  work.  It  will  be  remembered  that  for 
the  sake  of  precision  I  there  limited  the  term  Instinct  as 
follows : — 

"  Instinct  is  reflex  action  into  which  there  is  imported 
the  element  of  consciousness.  The  term  is  therefore  a 
generic  one,  comprising  all  those  faculties  of  mind  which  are 
concerned  in  conscious  and  adaptive  action,  antecedent  to  in- 
dividual experience,  without  necessary  knowledge  of  the 
relation  between  means  employed  and  ends  attained,  but 
similarly  performed  under  similar  and  frequently  recurring 
circumstances  by  all  the  individuals  of  the  same  species." 

Referring  the  reader  to  the  context  for  my  justification  of 
this  definition,*  I  shall  here  only  further  make  this  general 
statement.  It  follows  fram  the  above  definition  of  Instinct, 
that  a  stimulus  which  evokes  a  reflex  action  is,  at  most,  a 
sensation  ;t  but  a  stimulus  which  evokes  an  instinctive 
action  is  a  perception.  After  what  I  have  already  said  in 
Chapter  IX  concerning  the  distinction  between  a  sensation 
and  a  perception,  my  meaning  now  will  be  clearly  under- 
stood. For  if  a  perception  differs  from  a  sensation  in  that  it 
presents  a  mental  element,  and  if  an  instinctive  action  differs 
from  a  reflex  action  in  that  it  presents  a  mental  element,  it 
is  easy  to  see  that  a  stimulus  supplied  by  a  sensation  is  to 
a  reflex  action  what  a  stimulus  supplied  by  a  perception  is  to 
an  instinctive  action ;  because  if  a  sensation  could  act  as  a 

*  Animal  Inialligmtm,  pp.  10-17. 

t  I  say  "  at  most,"  because  such  a  stimuluB  may  be  leu  than  a  sensation, 
in  that  it  may  never  cross  the  field  of  oonscioiuness. 
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stimulus  to  an  action  apparently  instinctive,  «c  hypothesi  the 
action  could  not  be  (according  to  my  definition)  really 
instinctive ;  and  conversely,  if  a  perception  could  act  as  a 
stimulus  to  an  action  apparently  reflex,  the  action  could  not 
be  (acconling  to  my  definition)  a  true  reflex.  Therefore,  if 
we  agree  to  limit  the  term  Instinct  to  nervous  processes 
involving  a  mental  element,  it  follows  that  this  element  is 
perception,  and  that  it  is  always  involved  in  every  stimulus 
leading  to  instinctive  action. 

With  reference  to  general  principle;  of  classification  it  is 
only  needful  for  me  further  to  quote  the  following  extract 
from  my  previous  work : — 

"  The  most  important  point  to  observe  in  the  first  instance 
is  that  instinct  involves  mental  operations;  for  this  is  the 
only  point  that  serves  to  distinguish  instinctive  from  reflex 
action.  Keflex  action,  as  already  explained,  is  non-mental 
neuro-muscular  adaptation  to  appropriate  stimuli;  but  in- 
stinctive action  is  this  and  something  more ;  there  is  in  it 
the  element  of  mind.  No  doubt  it  is  often  difficult,  or  even 
impossible,  to  decide  whether  or  not  a  given  action  implies 
the  presence  of  the  mind-element — i.e.,  conscious  as  distin- 
guished from  unconscious  adaptation ;  but  this  is  altogether 
a  separate  matter,  and  has  nothii  g  to  do  with  the  question 
of  defining  instinct  in  a  manner  which  shall  be  formally 
exclusive,  on  the  one  hand  of  reflex  action,  and  on  the  other 
of  reason.  As  Virchow  truly  observes,  'it  is  difficult  or 
impossible  to  draw  the  line  between  instinctive  and  reflex 
action ;'  but  at  least  the  difficulty  may  be  narrowed  down  to 
deciding  in  particular  cases  whether  or  not  an  action  falls 
into  this  or  that  category  of  definition ;  there  is  no  reason 
why  the  difficulty  should  arise  on  account  of  any  ambiguity 
of  the  definitions  themselves.  Therefore  I  endeavour  to 
draw  as  sharply  as  possible  the  lino  which  in  theory  should 
be  taken  to  separate  instinctive  horn,  reflex  action ;  and  this 
line,  as  I  have  already  said,  is  constituted  by  the  boundary 
of  non-mental  or  unconscious  adjustment,  with  adjustment  in 
which  there  is  concerned  consciousness  or  mind." 

I  shall  now  proceed  to  show,  by  a  few  selected  examples, 
what  has  been  called  the  Perfection  of  Instinct;  next  I 
shall  similarly  illustrate  the  Imperfection  of  Instinct ;  and 
lastly,  I  shall  discuss  the  important  question  of  the  Origin 
and  Development  of  Instinct. 
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Perfection  of  Instinct. 

An  instinct  may  be  said  to  be  perfect  when  it  is  perfectly 
adapted  to  meet  those  circumstances  in  the  life  of  an  animal 
for  the  meeting  of  which  the  instinct  exists ;  and  if  it  is  an 
instinct  this  perfection  must  be  exhibited  as  independent  of 
the  animal's  individual  experience.  We  may  therefore  best 
illustrate  the  perfection  of  instinct  by  considering  the  won- 
derful accuracy  of  many  among  the  highly  refined  and  com- 
plex adjustments  which  are  manifested  by  the  newly-born 
young  of  the  higher  animals. 

The  late  Mr.  Douglas  Spalding  in  his  brilliant  researches 
on  this  subject  has  not  only  placed  beyond  question  the 
falsity  of  the  view  "  that  all  the  supposed  examples  of  instinct 
may  be  nothing  more  than  cases  of  rapid  learning,  imitation, 
or  instruction,"*  but  also  proved  that  a  young  bird  or  mammal 
comes  into  the  world  with  an  amount  and  a  nicety  of 
ancestral  knowledge  that  is  highly  astonishing.  Thus,  speak- 
ing of  chickens  which  Re  liberated  from  the  egg  and  hooded 
before  their  eyes  had  been  able  to  perform  any  act  of  vision, 
he  says  that  on  removing  the  hood  after  a  period  varying 
from  one  to  three  days, "  almost  invariably  they  seemed  a 
little  stunned  by  the  light,  remained  motionless  for  several 
minutes,  and  continued  for  some  time  less  active  than  before 
they  were  unhooded.  Their  behaviour,  however,  was  in  every 
case  conclusive  against  the  theory  that  the  perceptions  of 
distance  and  direction  by  the  eye  are  the  result  of  experience, 
or  of  associations  formed  in  the  history  of  each  individual  life. 
Often  at  the  end  of  two  minutes  they  followed  with  their 
eyes  the  movements  of  crawling  insects,  turning  their  heads 
with  all  the  precision  of  an  old  fowl.  In  from  two  to  fifteen 
minutes  they  pecked  at  some  speck  or  insect,  showing  not 
merely  an  instinctive  perception  of  distance,  but  an  original 
ability  to  judge,  to  measure  distance,  with  something  like  in- 
fallible accuracy.  They  did  not  attempt  to  seize  things 
1>eyond  their  reach,  as  babies  are  said  to  grasp  at  the  moon ; 
and  they  may  be  said  to  have  invariably  hit  the  objects  at 

*  Quoted  from  his  article  in  Maomillan^$  Magatine,  February,  1873, 
from  which  likewise  all  the  subsequent  quotations  are  made.  We  are  now- 
adays so  ready  to  assimilate  scientific  truth,  that  in  reading  this  article — not 
yet  ten  years  old — it  seems  difiicult  to  realite  that  so  recenUy  there  was  such 
a  considerable  clinging  of  competent  opinion  to  the  non-eTolutionary  view  of 
instinct  as  the  quotations  in  the  article  show. 
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which  they  struck — they  never  missed  by  more  than  a  hair's 
breadth,  and  that,  too,  when  the  specks  at  which  they  aimed 
were  no  bigger,  and  less  visible,  than  the  smallest  dot  of  an  i. 
To  seize  between  the  points  of  the  mandibles  at  the  very 
instant  of  striking  seemed  a  more  difficult  operation.  I  have 
seen  a  chicken  seize  and  swallow  an  insect  at  the  first 
attempt ;  most  frequently,  however,  they  struck  five  or  six 
times,  lifting  once  or  twice  before  they  succeeded  in  swallow- 
ing their  first  food.  The  unacquired  power  of  following  by 
sight  was  very  plainly  exemplified  in  the  case  of  a  chicken 
that,  after  being  unhooded,  sat  complaining  and  motionless 
for  six  minutes,  when  I  placed  my  hand  on  it  for  a  few 
seconds.  On  removing  my  hand  the  chicken  immediately 
followed  it  by  sight  backward  and  forward,  and  all  round  the 
table.  To  take,  by  way  of  example,  the  observations  in  a 
single  case  a  little  in  detail : — A  chicken  that  had  been  made 
the  subject  of  experiments  on  hearing,  was  unhooded  when 
nearly  three  days  old.  For  six  minutes  it  sat  chirping  and 
looking  about  it ;  at  the  end  of  that  time  it  followed  with  its 
head  and  eyes  the  movements  of  a  fly  twelve  inches  distant ; 
at  ten  minutes  it  made  a  peck  at  its  own  toes,  and  the  next 
instant  it  made  a  vigorous  dart  at  the  fly,  which  had  come 
within  reach  of  its  neck,  and  seized  and  swallowed  it  at  the 
first  stroke ;  for  seven  minutes  more  it  sat  calling  and  looking 
about  it,  when  a  hive-bee  coming  sufficiently  near  was  seized 
at  a  dart  and  thrown  some  distance,  much  disabled.  For 
twenty  minutes  it  sat  on  the  spot  where  its  eyes  had  been 
unveiled  without  attempting  to  walk  a  step.  It  was  then 
placed  on  rough  ground  within  sight  and  call  of  a  hen  with  a 
brood  of'  its  own  age.  After  standing  chirping  for  about  a 
minute,  it  started  off  towards  the  hen,  displaying  as  keen  a 
perception  of  the  qualities  of  the  outer  world  as  it  was  ever 
likely  to  possess  in  after  lifie.  It  never  required  to  knock  its 
head  against  a  stone  to  discover  that  there  was  '  no  road  that 
way.'  It  leaped  over  the  smaller  obstacles  that  lay  in  its 
path  and  ran  round  the  larger,  reaching  the  mother  in  as 
nearly  a  straight  line  as  the  nature  of  the  ground  would  per- 
mit. This,  let  it  be  remembered,  was  the  first  time  it  had 
ever  walked  by  sight." 

Further,  "  When  twelve  days  old  one  of  my  little  protigia, 
while  running  about  beside  me,  gave  the  peculiar  chirr 
wheieby  they  announce  the  approach  of  danger.    I  looked 
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up,  and  behold  a  sparrow-hawk  was  hovering  at  a  great 
height  over  head.  Equally  striking  was  the  eflfect  of  the 
hawk's  voice  when  heard  for  the  first  time.  A  young  turkey, 
which  I  had  adopted  when  chirping  within  the  uncracked 
shell,  was  on  the  morning  of  the  tenth  day  of  its  life  eating  a 
comfortable  breakfast  from  my  hand,  when  the  young  hawk, 
in  a  cupboard  just  beside  us,  gave  a  shrill  chip,  chip,  chip. 
Like  ar^  arrow  the  poor  turkey  shot  to  the  other  side  of  the 
room,  and  stood  there  motionless  and  dumb  with  fear,  until 
the  haWk  gave  a  second  cry,  when  it  darted  out  at  the  open 
door  right  to  the  extreme  end  of  the  passage,  and  there,  silent 
and  crouched  in  a  corner,  remained  for  ten  minutes.  Several 
times  during  the  course  of  that  day  it  again  heard  these 
alarming  sounds,  and  in  every  instance  with  similar  mani- 
festations of  fear." 

Again  referring  to  young  chickens,  Mr.  Spalding  con- 
tinues,— ^"Scores  of  times  I  have  seen  them  attempt  to 
dress  their  wings  when  only  a  few  hours  old — indeed  as  soon 
as  they  could  hold  up  their  heads,  and  even  when  denied  the 
use  of  their  eyes.  The  art  of  scraping  in  search  of  food, 
which,  if  anything,  might  be  acquired  by  imitation — for  a  hen 
with  chickens  spends  the  half  of  her  time  in  scratching  for 
them — is  nevertheless  another  indisputable  case  of  instinct. 
Without  any  opportunities  of  imitation,  when  kept  quite 
isolated  from  their  kind,  chickens  began  to  scrape  when  from 
two  to  six  days  old.  Generally,  the  condition  of  the  ground 
was  suggestive;  but  I  have  several  times  seen  the  first 
attempt,  which  consists  of  a  sort  of  nervous  dance,  made  on 
a  smooth  table." 

In  this  connection  I  may  here  insert  an  interesting  obser- 
vation which  has  been  communicated  to  me  by  Dr.  Allen 
Thomson,  F.K.S.  He  hatched  out  some  chickens  on  a  carpet, 
where  he  kept  them  for  several  days.  They  showed  no 
inclination  to  scrape,  because  the  stimulus  oupplied  by  the 
carpet  to  the  soles  of  their  feet  was  of  tof»  novel  a  character 
to  call  into  action  the  hereditary  ristinct;  but  when 
Dr.  Thomson  sprinkled  a  little  gravel  on  the  carpet,  and  so 
supplied  the  appropriate  or  custoraary  stimulus,  the  chickens 
immediately  began  their  scraping  movements. 

But  to  return  to  Mr.  Spalding's  experiments,  he  says : — 

"  As  an  example  of  unacquired  dexterity,  I  may  mention 
that  on  placing  four  ducklings  a  day  old  in  the  open  air  for 
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the  first  time,  one  of  them  almost  immediately  snapped  at 
and  caught  a  fly  on  the  wing.  More  interesting,  however,  is 
the  deliberate  art  of  catching  flies  practised  by  the  turkey. 
When  not  a  day  and  a  half  old  I  observed  the  young  turkey 
already  spoken  of  slowly  pointing  its  beak  at  flies  and  other 
small  insects  without  actually  pecking  at  them.  In  doing 
this,  its  head  could  be  seen  to  shake  like  a  hand  that  is 
attempted  to  be  held  steady  by  a  visible  effort.  This  I  ob- 
served and  rece^^^ed  when  I  did  not  understand  its  meaning. 
For  it  was  not  until  after,  that  I  found  it  to  be  the  invariable 
habit  of  the  turkey,  when  it  sees  a  fly  settled  on  any  object, 
to  steal  on  the  unwary  insect  with  slow  and  measured  step 
until  sufficiently  near,  when  it  advances  its  head  very  slowly 
and  steadily  till  within  an  inch  or  so  of  its  prey,  which  is 
then  seized  by  a  sudden  daii;." 

Mr.  Spalding  subsequently  tried  similar  experiments,  with 
similar  results,  on  newly  bom  mammals.  He  found,  for 
instance,  that  new-bom  pigs  seek  to  suck  almo3t  imraediately 
after  birth.  If  removed  twenty  feet  from  the  mother,  they 
wriggle  straight  back  to  her  guided  apparently  by  her  grunt- 
ing. He  put  a  pig  into  a  bag  immediately  it  was  born,  and 
kept  it  in  the  dark  till  seven  hours  old,  and  then  placed  it 
outside  the  sty  ten  feet  from  its  mother.  It  went  straight  to 
her,  although  it  had  to  stmggle  for  five  minutes  to  squeeze 
under  a  bar.  A  pig  blindfolded  at  birth  went  al)out  freely, 
though  tumbling  against  things.  It  had  the  blinder  taken 
off  next  day,  and  then  "  went  round  and  round  as  if  it  had 
had  sight,  and  had  suddenly  lost  it.  In  ten  minutes  it  was 
scarcely  distinguishahle  from  one  that  had  had  sight  all 
along.  When  placed  on  a  (hair,  it  knew  the  height  to  require 
considering,  went  down  on  its  knees,  and  leaped  down.  .  . 
One  day  last  month,  after  fondling  my  dog,  I  put  my  hand 
into  a  basket  containing  four  blind  kittens  three  days  old. 
The  smell  my  hand  had  carried  with  it  sent  them  puffing  and 
spitting  in  a  most  comical  fashion."* 

Here  I  may  quote  as  observation  of  my  own  from  the 
succeeding  issue  of  "  Nature." 

"  Apropos  to  what  Llr.  Spalding  says  about  the  early  age 
at  which  the  instinctive  antipathy  of  the  cat  to  the  dog 
becomes  apparent,  I  may  state  that  some  months  ago  I  tried 
an  experiment  with  rabbits  and  ferrets  somewhat  similar  to 
that  which  he  describes  with  cats  and  dogs.    Into  an  out- 

•  yaturt,  Tol.  xi,  p.  607. 
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house  which  contained  a  doe  rabbit  with  a  very  young  family, 
I  turned  loose  a  ferret.  The  doe  rabbit  left  her  young  ones, 
and  the  latter,  as  soon  as  they  smelled  the  ferret,  began  to 
crawl  about  in  so  energetic  a  manner  as  to  leave  no  doubt 
that  the  cause  of  the  commot'un  was  fear,  and  not  merely 
the  discomfort  arising  from  the  temporary  absence  of  the 
mother."* 

With  reference  to  the  instinctive  endowments  of  this 
kind  in  kittens,  I  may  also  quote  the  following,  which  I  find 
among  Mr.  Darwin's  MSS:-- 

"The  many  cases  of  inborn  fear  or  ferocity  in  young 
animals  directed  towards  particular  objects,  as  well  as  the 
loss  of  t  "^se  individualized  passions,  seems  to  me  extremely 
curious.  Let  any  one  who  doubts  their  existei\ce  give  a 
mouse  to  a  kitten  taken  early  from  its  mother,  and  which  has 
never  before  seen  one,  and  observe  how  soon  the  kitten 
growls  witli  hair  erect,  in  a  manner  wholly  different  from 
when  at  play  or  when  fed  with  ordinary  food.  We  cannot 
suppose  that  the  kitten  has  an  inborn  picture  of  a  mouse 
graven  in  its  mind.  But,  as  when  an  old  hunter  snorts  with 
eagerness  at  the  very  first  sound  of  tlie  horn,  we  must  sup- 
pose the  old  associations  excite  him  almost  as  instantly  as 
when  a  sudden  noise  makes  him  start,  so  I  imagine,  with  the 
difference  that  the  imagination  has  become  hereditary  instead 
of  being  onl)*  fixed  by  habit,  the  kititen  without  any  definite 
anticipation  trembles  with  excitement  -at  the  «mell  of  tlie 
mouse." 

The  only  other  observations  made  by  Mr.  Spalding  which 
it  is  desirable  to  quote  are  those  by  which  he  proved  experi- 
mentally that  young  birds  do  not  require,  as  was  oi-dinarily 
supposed,  to  be  taught  to  fly,  but  fly  instinctively.  This  fact 
was  proved  by  keeping  young  swallows  caged  until  they  were 
fledged,  and  then  allowing  them  to  escape.  When  we  con- 
sider the  complicated  muscular  co-ordination  required  for  flight, 
the  fact  that  young  birds  when  fledged  should  he  able  to  fly 
at  the  first  attempt  constitutes  another  remarkable  instance 
of  the  perfection  of  in3tinct.  Of  course  it  is  true  that  under 
ordinary  circumstances  the  parent  birds  encourage  their 
progeny  to  fly,  but  the  experiments  in  question  show  that 
such  Encouragement,  or  tuition,  is  not  necessary  to  enable  the 
young  birds  to  practise  tlie  art 

But  it  is  among  insects  that  we  meet  with  the  most  re- 
*  Naturt,  vol.  xi,  p.  664. 
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markable  cases.  Thus,  to  give  only  a  few.  Hdaumiir  and 
Swanderdam  assert  that  a  young  Bee,  as  soon  as  its  wings  are 
dry,  will  collect  honey  and  construct  a  cell  as  efficiently  as 
the  oldest  inhabitant  of  the  hive.*  Numberless  insects,  also, 
can  never  have  seen  their  parents,  and  yet  tliey  perform 
instinctive  actions  perfectly,  though  it  may  be  only  once  in 
their  life-times — such,  for  instance,  as  the  Ichneumon,  wliich 
deposits  its  eggs  in  the  body  of  a  larva  Iiidden  ))ctween  the 
scales  of  a  fir-cone,  \^hich  it  can  never  have  seen,  and  yet 
knows  where  to  seek.f 

A  kind  of  insect  called  the  Bembex  conveys  food  to  its 
young  which  are  shut  up  in  a  cell,  and  it  has  recently  been 
made  the  subject  of  some  interesting  experiments  by  M. 
Fabre.    Of  those  tlie  following  is  an  epitome : — 

"  The  insect  brings  from  time  to  time  fresh  food  to  her 
young,  and  it  is  remarkable  how  the  Bemb«x  remembers  the 
entrance  to  her  cell,  covered  ns  it  is  witli  santi,  exactly  to  our 
eyes  like  that  all  round.  Yet  she  never  makes  a  mistake  or 
loses  her  way.  On  the  other  hand  M.  Fabre  found  that  if  he 
removed  the  surface  of  the  earth  and  the  pussagi',  thus  ex- 
posing the  cell  and  the  larva,  the  Beml)ex  was  quite  at  a  loss, 
and  did  not  even  recognize  her  own  oH'spring  It  set-ms  as  if 
she  knew  the  doors,  nursery,  an<l  the  passage,  but  not  her 
child.  Another  ingenious  experiment  of  M.  Fabre's  was 
made  with  Chalicodoma.  This  genus  is  enclosed  in  nn  earthen 
cell,  througli  which  at  maturity  tlie  young  insect  eats  its  way. 
M.  Fabre  found  that  if  lie  pasted  a  jiiece  of  paper  round  t!>e 
cell  tlie  insect  had  no  difficulty  in  eating  through  it,  but  if  lie 
enclosed  the  cell  in  a  paper  case,  so  that  there  was  a  spnct* 
even  of  only  a  few  lines  between  the  cell  and  tlie  paper,  in 
that  case  the  paper  formed  an  effectual  prison.  The  instinct 
of  the  insect  taught  it  to  bite  through  one  enclosure,  but  it 
had  not  wit  enough  to  do  so  a  second  time."t 

But  I  think  that  perhaps  the  most  remarkable  instance 
of  all  that  can  be  quoted  from  the  insect  world  to  show  the 
extraordinary  perfection  of  early-formed  instincts,  is  one 
which  is  apt  to  l>e  overlooked — and  indeed,  so  far  as  I  know, 
has  been  overlooked — on  account  of  its  frecpiency.  I  refer  to 
the  enormous  body  of  instincts,  all  having  reference  to  a 
totally  different  environment  and  habits  of  life,  which  those 
insects  that  undergo  a  complete  metamorphosis  present  fully- 

•  Kirbr  and  Sprnee,  too.  tit.,  toI.  ii,  p.  470,  t  Ibid,,  i,  p.  857. 

I  Sir  J.  Lubbock,  Adinu  to  Mniitmol.  Sop.,  1888. 
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formed  and  ready  for  complete  action  as  soon  as  the  imago 
escapes  from  its  pupa  stage.  The  difference  between  its  pre- 
vious life  as  a  larva  and  its  new  life  as  an  imago,  is  as  great 
as  tlie  difference  between  the  lives  of  two  animals  belong- 
ing to  two  different  sub-kingdoms ;  and  the  complete  adapta- 
tion which  all  the  new  class  of  instincts  exhibit  to  the 
requirements  of  this  new  life,  is  quite  as  remarkable  as  is  the 
adaptation  of  the  new  structures  to  the  same  requirements. 


Iniperfectioii  of  Instinct, 

I  shall  first  give  a  few  cases  to  show  that  instinct  is  not 
an  infallible  guide  to  action,  and  for  this  purpose  shall  choose 
alKjrmtions  of  those  instincts  which  we  should  expect  to  be 
most  fixed,  because  of  most  importance  to  the  well-being  of 
the  animals  or  their  progeny — I  mean  the  instincts  of  pro- 
pagation and  the  procuring  of  food. 

The  flesh-fly  (Afitsca  cm-nann)  deposits  its  eggs  in  the 
flowers  of  the  "  carrion  plant "  (Sfapelia  hirsuta),  the  smell 
of  which  resembles  that  of  putrid  meat,  and  so  deceives  the 
fly.*  Similarly,  the  house-fly  has  been  observed  to  deposit 
eggs  in  snuff.f 

Again,  the  Rev.  Mr.  Bevan  and  Miss  C.  Shuttleworth, 
write  me  independently  that  they  liave  seen  wasps  and  bees 
visiting  representations  of  flowers  upon  the  wall-paper  of 
rooms ;  and  Trevellian  saw  the  same  mistake  made  by  the 
sphinx-moth.J  Swainson  in  his  "  Zoological  Illustrations," 
gives  an  analogous  case  in  a  vertebrated  animal ;  an  Austra- 
lian parrot,  whose  food  is  taken  from  the  flowers  of  the 
Kucalyptus,  was  observed  endeavouring  to  feed  on  the  repre- 
8entati«>n  of  flowers  on  a  cotton-print  di-ess.  Likewise, 
Professor  Moseley,  F.li.S.,  informs  me  that  he  has  noticed 
honey-seeking  insects  mistake  for  flowers  the  bright  coloured 
salmon  flicH  stuck  in  his  hat  while  Hshing ;  and  Mr.  F.  M. 
Burton,  writing  to  "  Nature  "  (xvii,  p.  1G2),  says  that  he  ImH 
observed  the  humming  bird  hawk-moth  {Afncroghma  Htclla- 
tumm)  mistake  artificial  flowers  in  a  lady's  bonnet  for  real 
ones.    Still  more  curiously,  the  naturalist  Couch  observed  a 

•  E.  Diirwin,  Zoonomin,  i,  §  10,  nrt.  11.    Alio  Kirby  unci  S|m«ik'i»,  loo.  ciY., 
ii,  4<H»,  who  MuUt  tho  fm-t  on  tho  ttuthority  of  Dr.  Ziiiki-n. 

t  Zink»»n,  in  Oermar.  Man.  ''«♦'  Unto.,  Bd.  I,  iibth.  4,  §  18'J. 
X  iitH)  JIoiiit*»u,  loe,  oit,,  I,  810. 
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bee  mistake  a  sea-anemone  (Tealia  crameomis),  which  was 
"  covered  merely  by  a  rim  of  water,"  for  a  flower— darting 
into  the  centre  of  the  disk,  "  and  though  it  struggled  a  good 
deal  to  get  free,  was  retained  till  it  was  drowned,  and  was 
then  swallowed.*  The  fact,  alluded  to  by  Mr.  Darwin  in  the 
Appendix,  that  the  workers  of  the  humble-bee  attempt  to 
devour  the  eggs  laid  by  their  own  queen,  appears  to  constitute 
a  remarkable  case  of  imperfect  instinct.  Again,  Huber  saw  a 
bee  begin  a  cell  in  a  wrong  direction,  and  other  bees  tear  it 
to  pieces.  Bees  have  also  been  observed  to  collect  rye-flower 
when  damp  instead  of  poUen.t  "  Pollen-getting,  according  to 
Gebien,  is  the  weak  point  in  the  character  of  bees ; "  for  this 
author  observes  (p.  74)  that  they  "  lay  up  useless  hoards  of  it, 
which  they  go  on  augmenting  every  year,  and  this  is  the  only 
point  on  which  they  can  be  accused  of  want  of  prudence." 

Mr.  Darwin's  MS  notes  contain  a  brief  record  of  a 
number  of  observations  on  ants  {F.  rufa)  carrying  pupa 
skins,  wiCii  a  great  and  apparently  useless  expenditure  of 
labour,  far  away  from  the  nest,  and  even  up  trees.  He  tried 
taking  away  the  skins  from  some  of  the  carriers,  and  replacing 
them  near  the  nest ;  the  first  ants  that  happened  to  fall  in 
with  them  again  carried  them  off.  This,  as  the  notes 
observe,  appears  to  be  a  case  of  "  blundering  instinct ; "  and 
the  same  epithet  may  be  applied  to  mistakes  made  by  the 
harvesting  ants^obscrved  by  Mr.  Moggridge,  which  carefully 
stored  ia  their  granaries  the  gall-apples  of  a  small  species  of 
Cynipa,  clearly  imagining  that  they  were  nuts;  and  also, 
under  a  similar  delusion,  stored  small  beads  which  Mog- 
gridge, in  order  to  test  their  instinct,  scattered  in  their 
harvesting  fields.^ 

Among  Birds  we  And  mistaken  instinct  exhibited  by  the 
cuckoo  when  it  lays  two  eggs  in  the  same  nest,  with  the 
inevitable  result  that  one  of  the  young  birds  will  afterwards 
eject  the  other.  In  the  same  category  we  may  place  the 
promis' uous  dropping  of  her  eggs  on  the  part  of  the  rhea; 
small  birds  frequently  mistaking  a  larger  and  unfamiliar  bird 
fur  a  hawk,  as  shown  by  their  mobbing  it ;  and  numberless 
special  cases  could  be  given  of  mistaken  instinct  in  the 
matter  of  nest-building — in  Uie  selection  of  unsuitable  sites, 
unsuitable  materials,  and  so  on. 

•  Cntic,  March  84,  1860.         f  Cotfaqt^  Oanhner,  April,  I860,  p.  48. 
t  Uarvetting  Antt  and  Trap-door  Spiders,  p.  37,  et  acq. 


IMPERFECTION  OF  INSTINCT. 


169 


a 


Among  Mammals  it  must  be  deemed  a  inistaken  instinct 
which  leads  the  Norwegian  lemming  to  swim  out  to  sea  in  its 
migrations,  and  perish  by  millions  in  consequence.  Under 
existing  circumstances  it  is  an  imperfect  instinct  which  leads 
the  quadrupeds  in  South  Africa,  mentioned  by  Mr.  Darwin  in 
the  Appendix,  to  migrate,  seeing  that  by  so  doing  they  expose 
themselves  to  persecution.  The  shrewmouse,  also  mentioned 
by  Mr.  Darwin  in  the  Appendix,  which  "  continually  betrays 
itself  by  screaming  out  when  approached,"  is  another,  and 
perhaps  a  better  instance.  The  instincts  of  rabbits  with 
regard  to  the  attacks  of  weasels  appear  to  me  to  be  imperfect, 
or  not  completely  formed.  For,  as  I  observe  in  "Animal 
Intelligence  "  (p.  359),  I  have  witnessed  the  mode  of  capture 
practised  by  weasels  in  the  open  field,  and  it  consists  merely 
in  the  rabbit  "  toddling  along,  with  the  weasel  toddling 
behind,  ii  ntil  tamely  allowing  itself  to  be  overtaken  .  .  . 
There  seems  to  have  been  here  a  remarkable  failure  of  natural 
selection  in  doing  duty  to  the  instincts  of  these  swift-footed 
animals "—  a  failure,  however,  which  time  would  doubtless 
remedy,  if  weasels  were  sufficiently  numerous  in  relation  to 
the  breeding  power  of  the  rabbit  to  give  natural  selection  the 
opportunity  of  perfecting  the  instinct  of  escape  from  this 
particular  enemy. 

Many  other  instances  of  the  imperfection  of  instinct 
might  be  quoted,  but  enough  have  now  been  given  to  render 
unquestionable  the  only  point  with  which  we  are  concerned, 
viz.,  that  although  well  established  instincts  are,  as  a  rule, 
adjusted  with  astonishing  nicety  to  certain  definite  and 
frequently  recurring  circumstances,  the  adjustment  is  made 
only  with  reference  to  these,  so  that  a  very  small  variation  in 
them  is  sufficient  to  lead  the  instuict  astray.  It  is  also  of 
interest  here  to  note  what  seems  to  be  a  complementary  truth, 
viz.,  that  small  variations  taking  place  in  the  organism  itself 
when  not  in  normal  converse  with  its  environment,  are  suffi- 
cient to  threw  the  delicate  mechanism  of  instinct  out  of  gear 
whon  this  is  afterwards  brought  into  such  converse.  This  fact, 
for  instance,  is  familiar  enough  in  the  case  of  tamed  animals 
(which  when  again  "  turned  down "  in  their  native  haunts 
are  not  at  first  at  home  in  them),  but  is  brought  out  in  a  much 
more  striking  manner  by  the  experiments  of  Mr.  Spalding. 
Thus  he  says : — 

"Before  passing  to  the  theory  of  instinct,  it  may  bo 
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worthy  of  remark  that,  unlocked  for,  I  met  with  in  the 
course  of  experiments  some  very  suggestive,  but  not  yet 
sufficiently  observed,  phenomena ;  which,  however,  have  led 
me  to  the  opinion  that  not  only  do  the  animals  learn,  but  they 
can  also  forget- -and  very  soon — that  which  they  never 
practised.  Further,  it  would  seem  that  any  early  interference 
with  the  established  course  of  their  lives  may  completely 
derange  their  mental  constitution,  and  give  rise  to  an  order  of 
manifestations,  perhaps  totally  and  unaccountably  different 
from  what  would  have  appeared  under  normal  conditions. 
Hence  I  am  inclined  to  think  that  students  of  animal 
psychology  should  endeavour  to  observe  the  unfolding  of  the 
powers  of  their  subjects  in  as  nearly  as  possible  the  ordinary 
circumstances  of  their  lives.  And  perhaps  it  may  be  because 
they  have  not  all  been  sufficiently  on  their  guard  in  this 
matter,  that  some  experiments  have  seemed  to  tell  against  the 
reality  of  instinct.  Without  attempting  to  prove  the  above 
propositions,  one  or  two  facts  may  be  mentioned.  Untaught, 
the  new-born  bate  can  suck — a  reflex  action ;  and  Mr.  Her- 
bert Spencer  describes  all  instinct  as  'compound  reflex 
action  ; '  but  it  seems  to  be  well  known  that  if  spoon-fed,  and 
not  put  to  the  breast,  it  soon  loses  the  power  of  drawing  milk. 
Similarly,  a  chicken  that  has  not  heard  the  call  of  the  mother 
until  eigiit  or  ten  days  old  then  hears  it  as  if  it  heard  it  not. 
I  regret  to  find  that  on  this  point  my  notes  are  not  so  full  as 
I  could  wish,  or  as  they  might  have  been.  There  is,  however, 
an  account  of  one  chicken  tha^  could  not  be  returned  to  the 
mother  when  (?  until)  ten  days  old.  The  hen  followed  it,  and 
tried  to  entice  it  in  everyway;  still  it  continually  left  her  and 
ran  to  tlio  Iiouhc  or  to  any  person  of  whom  it  caught  sight. 
This  it  nurHJHlod  in  doing,  though  beaten  back  with  a  small 
branch  do/ens  of  tiiiies,  and  indeed  cn;ully  maltreated.  It  was 
also  placed  under  the  inotlicr  at  night,  but  it  again  left  her  in 
the  morning.  SouMitliing  more  ciirimis,  and  of  a  different 
kind,  came  to  light  in  the  case  of  three  chickens  that  I  kept 
hooded  until  nearly  IVtur  days  old— a  longer  time  thon  any  I 
have  yet  spoken  of.  Eacli  of  these  on  being  unhooded 
evinced  tha  greatest  terror  of  me,  dashing  tjff  in  the  opposite 
direction  whenever  I  sought  to  approach  it.  The  table  on 
which  thoy  wore  unhooded  stood  Iwfore  a  window,  and  each 
in  its  turn  beat  against  the  glass  like  a  wild  bird.  One  of 
them  (Inrtud  behind  some  books,  and,  B(|ueezing  itself  into  a 
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corner,  remained  cowering  for  a  length  of  time.  We  might 
guess  at  the  meaning  of  this  strange  and  exceptional  wild- 
ness;  but  the  odd  fact  is  enough  for  my  present  purpose. 
Whatever  might  have  been  the  meaning  of  this  marked  change 
in  their  mental  constitution — had  they  been  imhooded  on  the 
previous  day  they  would  have  run  to  me  instead  of  from  me 
— it  could  not  have  been  the  effect  of  experience ;  it  must 
have  resulted  wholly  from  changes  in  their  own  organiza- 
tion." 

Subsequently  Mr.  Spalding  tried  the  experiment  of 
keeping  young  ducklings  away  from  the  water  for  several 
days  after  they  were  hatched ;  on  then  bringing  them  to  a 
pond  they  showed  as  much  dislike  to  the  water  as  young 
chickens  would  have  done.  (See  Lewes,  article  Instinct, 
"  Problems  of  Life  and  Mind.") 

The  change  produced  in  the  instincts  of  male  animals  by 
castration  may  also  be  mentioned  in  the  present  connection, 
and  particularly  the  tendency  which  is  thus  induced  among 
cock  birds  to  adopt  the  incubating  and  other  habits  of  the 
hen.  I  quote  the  following  from  a  recently  published  article 
by  Dr.  J.  W.  Stroud  of  Port  Elizabeth,  who  has  devoted  a 
good  deal  of  attention  to  the  subject  of  caponizing : — 

"  Aristotle,  more  than  two  thousand  years  ago,  tells  us  of 
a  cock  that  performed  all  the  duties  of  a  hen.  ('  Hist.  An. 
Lib.'  ix,  42.)  Pliny,  too,  speaks  of  the  motherly  care  bestowed 
by  a  cock  on  chickens.  '  He  did  everything  for  them,'  says 
he,  *  like  to  the  very  hen  that  hatched  them,  and  ceased  to 
crow.'  ('  Pliny  Trans.'  i,  299.)  Albertus  Magnus  witnessed 
the  same  thing ;  and  ^Elian  ('  Hist.'  iv,  29)  mentions  a  cock 
which  on  the  death  of  the  hen  while  imtching,  took  to  the 
eggs,  sat  on  them,  and  brought  out  chicks.'  Says  Willoughby 
(in  '  Ray's  Willoughby 's  Natural  History '), '  We  have  beheld 
more  than  once,  not  without  pleasure  and  admiration,  a  Capon 
wringing  uj)  a  brood  of  chickens,  like  a  hen  clucking  over  them, 
feeding  them,  and  brooding  them  under  his  wings  witli  as 
much  care  and  tenderness  as  their  dams  are  wont  to  do.' 
'  Once  accustomed  to  this  office,'  says  Baptista  Kosa  ('  Magia 
Naturolis '  iv,  26), '  a  Capon  will  never  abnn<lon  it,  but  when 
one  brood  is  grown  up  another  batch  of  nowly  hatched 
chickens  may  be  put  to  him  and  he  will  be  as  kind  to  them 
nnd  take  as  much  caro  of  them  as  of  the  tirst,  and  so  in 
succession.'     Kt^aumur  ('  Art  ilo  Paire  Eclore,'  torn,  ii,  p.  8) 
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bears  testimony  to  similar  facts  and  also  to  the  propensity 
of  Capons  to  sit.  (See  also  '  Cottage  Gardener/  1860, 
p.  379."*) 

iu  this  connection  I  may  also  quote  the  following  in- 
stance, which  I  find  recorded  among  Mr.  Darwin's  MS 
notes : — 

"  April,  1862.    We  had  a  kitten  which  sucked  its  mother, 

and,  when  a  month  old,  taken  to and  sucked  another 

cat ;  then  to and  sucked  two  other  cats,  and  then  its 

instinct  was  confounded,  and  became  mixed  with  reason  or 
experience :  for  it  tried  repeatedly  to  suck  three  or  four  other 
kittens  of  its  own  age,  which  no  one,  as  far  as  I  am  aware, 
ever  saw  any  other  kitten  do.  Thus  bom  instinct  may  be 
modified  by  experience." 

In  his  "  Naturgeschichte  der  Siiugethiere  von  Paraguay," 
p.  201 ,  Dr.  Keuggei  gives  the  foUowing  curious  instance  of 
interference  with  natural  instincts  brought  about  by  changed 
conditions  of  individual  life.  Speaking  of  a  kind  of  Cat, 
native  in  Paraguay,  he  says  that  there  is  no  instance  on 
record  of  the  animal  breeding  when  in  captivity,  and  that  on 
one  occasion  a  female  having  been  pregnant  when  captured 
and  kept  in  confinement  by  Herr  Nozeda,  brought  forth  her 
young,  but  immediately  afterwards  devoured  them.  This, 
wliich  took  place  in  her  own  country,  shows  that  even  so 
well  rooted  an  instinct  as  the  maternal  may  be  greatly 
altered  in  the  individual  by  even  a  few  months  of  change  in 
the  conditions  of  life.  Similar  facts  in  the  case  of  the 
domestic  Sow,  pet  Mice,  and  other  animals  exposed  to  the 
influence  of  domestication  ai-e,  of  course,  very  common. 

It  is  needless,  I  think,  to  give  further  instances  to  prove 
the  general  principle  that  derangement  of  instinctive  organi- 
zation is  r,pt  to  arise  when  an  animal  ceases  to  be  in  normal 
converse  with  its  environment.  But  I  may  here  adduce  a 
curious  instance  of  the  derangement  of  the  instinctive 
organization  in  an  animal  which  was  apparently  in  all 
respects  in  normal  converse  with  its  environment,  and  this  to 
such  an  extent  that  it  may  properly  be  regarded  as  a  case  of 
insanity.  But  although  perhaps  pathological  in  nature,  it  is 
none  the  less  available  as  showing  the  imperfection  of  in- 
stinct— the  only  difference  between  it  and  the  cases  previously 

*  OitivnitatioH,  or  th$  Copo»itiitff  qf  tht  Ottrioh  (S.  Broutnall,  Port 
EliMbeUi,  Ititta). 
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cited  consisting  in  the  changing  causes  being  internal  instead 
of  external  The  case  was  communicated  to  me  by  a  lady, 
who,  from  its  peculiar  nature,  desires  me  to  withhold  her 
name ;  but  I  quote  the  account  in  her  own  words : — 

"  A  white  fantail  pigeon  lived  with  his  family  in  a  pigeon- 
house  in  our  stable-yard.  He  and  his  wife  had  been  brought 
originally  from  Sussex,  and  had  lived,  respected  and  admired, 
to  see  their  children  of  the  third  generation,  when  he  sud- 
denly became  the  victim  of  the  infatuation  I  am  about  to 
describe.    .    .    . 

"No  eccentricity  whatever  was  remarked  in  his  conduct 
imtil  one  day  I  chanced  to  pick  up  somewhere  in  the  garden 
a  ginger-beer  bottle  ol  the  ordinary  brown  stone  description. 
I  flung  it  into  the  yard,  where  it  fell  immediately  below  the 
pigeon-house.  That  instant  down  flew  paterfamilias,  and  to 
my  no  small  astonishment  commenced  a  series  of  genuflexions, 
evidently  doing  homage  to  the  bottle.  He  strutted  round  and 
round  it,  bowing  and  scraping  and  cooing  and  performing  the 
most  ludicrous  antics  I  ever  beheld  on  the  part  of  an  ena- 
moured pigeon.  .  .  .  Nor  did  he  cease  these  perform- 
ances until  we  removed  the  bottle ;  and,  which  proved  that  this 
singular  aberration  of  instinct  bad  become  a  flxed  delusion, 
■whenever  the  bottle  was  thrown  or  placed  in  the  yard — no 
matter  whether  it  lay  horizontally  or  was  placed  upright — 
the  same  ridiculous  scene  was  enacted  ;  at  that  moment  the 
pigeon  came  flying  down  with  quite  as  great  alacrity  as  wlien 
his  peas  were  thrown  out  for  his  dinner,  to  continue  his 
antics  as  long  as  the  bottle  remained  there.  Sometimes  this 
would  go  on  for  hours,  the  other  members  of  his  family  treat- 
ing his  movements  with  the  most  contemptuous  indifference, 
and  taking  no  notice  whatever  of  the  bottle.  At  last  it 
became  the  regular  amusement  with  which  we  entertained 
our  visitors  to  see  this  erratic  pigeon  making  love  to  the 
interesting  object  of  his  affections,  and  it  was  an  entertain- 
ment which  never  failed,  throughout  that  summer  at  least. 
Before  next  summer  came  round  he  was  no  more." 

It  is  thus  evident  that  the  pigeon  was  affected  with  some 
strong  and  persistent  monomania  with  regard  to  this  particular 
object.  Although  it  is  well  known  that  insanity  is  not  an 
uncommon  thing  among  animals,  this  is  the  only  case  I  have 
met  with  of  a  conspicuous  derangement  of  the  instinctive 
as  distinguished  from  the  rational  faculties — unless,  indeed, 
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we  80  regard  the  exhibitions  of  erotomania,  infanticidal  mania, 
&c.,  which  occur  in  animals  perhaps  more  frequently  than 
they  do  in  man. 

But  with  reference  to  the  imperfection  of  instinct,  we 
have  now  some  more  important  matters  to  consider  than  the 
mere  enumeration  of  cases  in  which  instinct  may  have  been 
observed  at  fault  Let  it  first  be  observed  that  under  the 
general  heading  "  Imperfection  of  Instinct,"  we  may  include 
two  very  difl'erent  classes  of  phenomena ;  for  instincts  may 
be  imperfect  because  they  have  not  yet  been  completely 
developed,  or  they  may  appear  to  be  imperfect  because  not 
completely  answering  to  some  change  in  those  circumstances 
of  life  with  reference  to  which  they  have  l)een  fully  developed. 
Now,  if  instincts  have  been  developed  at  all,  it  is  obvious 
that  they  must  have  passed  through  various  stages  of  imper- 
fection before  they  attained  to  perfection,  and  therefore  we 
might  expect  to  meet  with  some  cases  of  instinct  not  yet  per- 
fected— cases,  be  it  observed,  which  differ  from  those  already 
mentioned,  in  that  their  faultiuess  arises,  not  from  a  novelty 
of  experience  with  reference  to  which  the  instinct  has  not 
been  developed,  but  from  the  fact  of  the  instinct  not  being 
yet  fully  formed ;  and  this  ought  more  especially  to  be  the 
case  with  instincts  the  {perfection  of  wliich  is  not  of  vital 
importance  to  the  species ;  for  such  instincts  would  not  have 
been  so  rigorously  trained  or  perfected  by  natural  selection. 
A  good  illustration  on  this  head  seems  to  be  afforded  by  the 
instinct  of  destroying  the  drones  as  exhibited  by  the  hive-bee. 
Thus,  to  quote  from  "  Animal  Intelligence  "  : — "  Evidently 
the  object  of  this  massacre  is  that  of  getting  rid  of  useless 
mouths  ;  but  there  is  the  more  difficult  question  as  to  why 
these  useless  mouths  ever  came  into  existence.  It  has  been 
suggested  that  the  enormous  disproportion  between  the  pre- 
sent number  of  males  and  the  single  fertile  female,  refers  to 
a  time  before  the  social  instincts  became  so  complex  or  con- 
solidated, and  when,  therafore,  bees  lived  in  lesser  communi- 
ties. Probably  this  is  the  explanation,  although  I  think  we 
might  still  have  expected  that  before  this  period  in  their 
evolution  had  arrived  bees  might  have  developed  a  compen- 
sating instinct,  either  not  to  allow  the  queen  to  lay  so  many 
drone  eggs,  or  else  to  massacre  the  drones  while  still  in  the 
larval  state.   We  must  remember,  also,  that  among  the  wasps 
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the  males  do  work  (chiefly  domestic  work,  for  which  they  are 
fed  by  their  foi-aging  sisters) ;  so  it  is  possible  that  in  the 
hive-bee  the  drones  were  originally  useful  members  of  the 
community,  and  that  they  have  lost  their  primitively  useful 
instincts.  But  whatever  the  explanation,  it  is  very  curious 
that  here,  among  the  animals  which  are  justly  regarded  as 
exhibiting  the  highest  perfection  of  instinct,  we  meet  with 
perhaps  the  most  flagrant  instance  in  the  animal  kingdom  of 
instinct  unperfected.  It  is  the  more  remarkable  that  the 
drone-killing  instinct  should  not  have  been  better  developed 
in  the  direction  of  killing  the  drones  at  the  most  profitable 
time — namely,  in  their  larval  or  oval  state — from  the  fact 
that  in  many  respects  it  seems  to  have  been  developed  to  a 
high  degree  of  discriminative  refinement." 

And,  to  take  only  one  other  illustration,  Mr.  Spalding 
writes : — 

"  Another  suggestive  class  of  phenomena  that  fell  under 
my  notice  may  be  described  as  im])erfect  instincts.  When  a 
week  old  my  turkey  came  on  a  bee  right  in  its  path — the 
first,  I  believe,  it  had  ever  seen.  It  gave  the  danger  chirr, 
stood  for  a  few  seconds  with  outstretched  neck  and  marked 
expression  of  fear,  then  turned  oil'  in  another  direction.  On 
this  hint  I  made  a  vast  number  of  experiments  with  chickens 
and  bees.  In  the  great  majority  of  instances  the  chickens 
gave  evidence  of  instinctive  fear  of  these  sting-bearing  insects ; 
but  the  results  were  not  uniform,  and  perliaps  the  most 
accurate  general  statement  I  can  give  is,  that  they  were  un- 
certain, shy,  and  suspicious.  Of  course  to  be  stung  once  was 
enough  to  confirm  their  misgivings  for  ever.  Fretty  much  in 
the  same  way  did  they  avoid  ants,  especially  when  swarming 
in  great  aw  a  t  bars." 

Simiiarly,  and  during  the  life-time  of  the  individual, 
Mr.  SpalJ'Dg  I'ound  an  instinct  in  the  course  of  development 
in  the  case  ilraady  quoted  of  the  turkeys  catching  flies.  And 
precisely  analogous  facts  may  be  noticed  in  the  developing 
instincts  of  the  child.  Thus,  for  instance,  the  balancing  of 
the  head  in  an  upright  position  may  be  said  in  man  to  be 
instinctive,  for  the  power  of  doing  so  is  first  acquired  about 
the  tenth  week,  by  constantly  recuiring  efforts,  and  eventually 
becomes  independent  of  intentional  thought.  Preyer  describes 
the  stages  by  which  the  latter,  or  completed,  stage  is  reached 
through  numberless  gradations,  the  passage  of  which  occupies 
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about  six  weeks.*  He  says  that  the  child  first  accidentally 
finds  the  comfort  of  the  attitude,  and  so  adopts  it  more  and 
more  constantly  until  through  habit  it  becomes  instinctive. 
He  also  gives  exactly  parallel  facts  in  the  case  of  learning  to 
creep,  sit,  stand,  walk,  &c.t 

Among  animals  in  a  state  of  nature  we  may,  I  think, 
regard  all  instincts  which,  so  far  as  we  can  see,  are  trivial  or 
useless,  as  instincts  which  are  imperfect,  in  that  they  do  not 
answer  to  any  apparent  needs  in  the  animals'  present  condi- 
tions of  life.  Such  instincts  are  not  very  numerous,  and,  as 
Mr.  Darwin  observes  in  the  Appendix,  they  may  be  quoted 
as  objections  to  his  theory  of  the  development  of  instinct  by 
natural  selection.  I  shall  subsequently  consider  this  diffi- 
culty it  here  I  have  only  to  note  the  fact  that  instincts  of 
this  apparently  purposeless  kind  occur,  and  that,  qitd  pur- 
poseless, they  are  imperfect.  Such,  for  instance,  is  the 
instinct  of  a  hen  cackling  when  she  has  laid  an  egg,  the  cock- 
pheasant  crowing  when  going  to  roost,  cattle  and  elephants 
goring  their  sick  or  wounded  companions,  sundry  instincts 
connected  with  excrements — such  as  burying  them  in  earth, 
always  depositing  them  in  the  same  place,  &c. — and  other 
cases  mentioned  by  Mr.  Darwin  in  the  Appendix. 

But  the  most  important  class  of  considerations  for  us  is 
one  to  which  the  foregoing  may  be  said  to  lead  up.  We 
have  seen  that  if  instincts  have  been  developed  by  evolution, 
we  should  expect  to  find  cases  in  which  they  are  in  process 
of  evolution,  or  not  yet  perfect ;  and  we  have  also  seen  that 
this  expectation  is  realized.  Now  in  so  far  as  instinct  requires 
to  be  mixed  with  intelligence  in  order  to  be  effective,  it  is  as  an 
instinct  imperfect ;  it  is  as  an  instinct  in  course  of  formation, 
or  at  any  rate  not  perfectly  adapted  to  the  possible  circum- 
stances of  life.  Therefore  all  cases  of  the  education  of 
instinct  by  intelligence^ — whether  in  the  individual  or  the 
race — fall  to  be  considered  in  the  present  connection.  The 
consideration  of  this  subject,  hoMrever,  lands  us  directly  in 
a  larger  and  deeper  topic  as  to  the  origin  and  development  of 
instinct  in  general.  To  this  topic,  therefore,  we  shall  next 
address  ourselves. 

*  Die  Seele  des  Kindes,  Leipsig,  1882,  pp.  166-7. 
t  Ibid.,  pp.  167-76. 
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CHAPTER  XII. 


Instinct  (continued). 


Origin  and  Development  of  Instincts. 


Instincts  probably  owe  their  origin  and  development  to  one 
or  other  of  two  principles. 

I.  The  first  mode  of  origin  "  consists  in  natural  selection, 
or  survival  of  the  fittest,  continuously  preserving  actions 
which,  although  never  intelligent,  yet  happen  to  have  been  of 
benefit  to  the  animals  which  first  chanced  to  perform  them. 
Thus,  for  instance,  take  the  instinct  of  incubation.  It  is 
quite  impossible  that  any  animal  can  ever  have  kept  its  eggs 
warm  with  the  intelligent  purpose  of  hatching  out  their  con- 
tents, so  we  can  only  suppose  that  the  incubating  instinct 
began  by  warm-blooded  animals  showing  that  kind  of  atten- 
tion to  their  eggs  which  we  find  to  be  frequently  shown  by 
cold-blooded  animals.  Thus  crabs  and  spiders  carry  about 
their  eggs  for  the  purpose  of  protecting  them;  and  if,  as 
animals  gradually  became  warm-blooded,  some  species,  for 
this  or  for  any  other  purpose,  adopted  a  similar  habit,  the 
imparting  of  heat  would  have  become  incidental  to  the  car- 
rjring  about  of  the  eggs.  Consequently,  as  the  imparting  of 
heat  promoted  the  process  of  hatching,  those  individuals 
which  most  constantly  cuddled  or  brooded  over  their  eggs 
would,  other  things  equal,  have  been  most  successful  in 
rearing  progeny;  and  so  the  incubating  instinct  would  be 
developed  without  the*  3  ever  having  beea  any  intelligence  in 
the  matter."* 

II.  The  second  mode  of  origin  is  as  follows : — By  the 
effects  of  habit  in  successive  generations,  actions  which  were 
originally  intelligent  become,  as  it  were,  stereotyped  into  per- 

•  Quoted  from  my  own  article  oA  "  Initinct,"  in  the-  Enicyolopadia  Bri- 
tannica, 
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manent  instincts.  Just  as  in  the  life-time  of  the  individual 
adjustive  actions  which  were  originally  intelligent  may  by 
frequent  repetition  become  automatic,  so  in  the  life-time  of 
the  species  actions  originally  intelligent  may,  by  frequent 
repetition  and  heredity,  so  write  their  effects  on  the  nervous 
system  that  the  latter  i«i  prepared,  even  before  individual 
experience,  to  perform  adjustive  actions  mechanically  which 
in  previous  generations  were  performed  intelligently.  This 
mode  of  origin  of  instincts  has  been  appropriately  called  the 
"  lapsing  of  intelligence."* 

For  the  sake  of  subsequent  reference,  I  shall  allude  to 
instincts  which  arise  by  way  of  natural  selection,  without  the 
intervention  of  intelligence,  as  Primary  Instincts,  and  to 
those  which  are  formed  by  the  lapsing  of  intelligence  as 
Secondary  Instincts. 

Let  us  now  consider  the  reasons  which  A  priori  lead  us  to 
assign  the  probable  origin  of  instincts  to  these  principles. 
Taking  first  the  case  of  primary  instincts,  these  reasons  may 
be  briefly  rendered  thus : — 

(1.)  Many  instinctive  actions  are  performed  by  animals 
too  low  in  the  scale  to  admit  of  our  supposing  that  the  adjust- 
ments which  are  now  instinctive  can  ever  have  been  intel- 
ligent. (2.)  Among  the  higher  animals  instinctive  actions 
are  performed  at  an  age  before  intelligence,  or  power  of 
learning  by  individual  experience,  has  begun  to  assert  itself. 
(3.)  Considering  the  great  importance  of  instincts  to  species, 
we  are  prepared  to  expect  that  they  must  be  in  large  part 
subject  to  the  influence  of  natural  selection.  As  Mr.  Darwin 
observes,  "  it  will  be  universally  admittf-d  that  instincts  are 
as  important  as  corporeal  structures  foi  the  welfare  of  each 
species  under  its  present  conditions  of  life.  Under  changed 
conditions  of  life  it  is  at  least  possible  that  slight  modifica- 
tions  of  instinct  might  be  profitable  to  a  species ;  and  if  it 
can  be  shown  that  instincts  do  vary  ever  so  little,  then  I  can 
see  no  difficulty  in  natural  selection  preserving  and  con- 
tinually accumulating  variations  of  instinct  to  any  extent 
that  was  profitable." 

That  instincts  may  arise  by  way  of  lapsed  intelligence  is 
rendered  probable  d  priori  by  all  the  facts  which  show  the 
resemblance  between  instincts  and  intelligent  habits.  To 
take  only  a  few  of  these  facts  for  the  present  purpose,  I 

*  By  Lewes,  tee  Problem*  qf  L\ft  and  Jfind. 
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cannot  3  better  than  confine  myself  to  making  a  quotation 
from  Mr.  Darwin's  MSS ;  for  this  will  show  how  deep-seaied 
and  detailed  is  the  resemblance  between  habit  and  instinct. 

"  In  repeating  anything  by  heart,  or  in  playing  a  tune, 
every  one  feels  that,  if  interrupted,  it  is  easy  to  back  a  little, 
but  very  difficult  suddenly  to  resume  the  thread  of  thought 
or  action  a  few  steps  in  advance.  Now  P.  Huber  has  described 
a  caterpillar  which  makes  by  a  succession  of  processes  a  very 
complicated  hammock  for  its  metamorphosis;  and  he  found 
that  if  he  took  a  caterpillar  which  had  completed  its  ham- 
mock up  to,  say  the  sixth  stage  of  construction,  and  put  it 
into  a  hammock  completed  up  only  to  the  third  stage,  the 
caterpillar  did  not  seem  puzzled,  but  repeated  the  fourth, 
fifth,  and  sixth  stages  of  construction.  If,  however,  a  cater- 
pillar was  taken  out  of  a  hammock  made  up,  for  instance,  to 
the  third  stage,  and  put  into  one  finished  to  the  ninth  stage, 
so  that  much  of  its  work  was  done  for  it,  far  from  feeling 
the  benefit  of  this,  it  was  much  embarrassed,  and  even 
forced  to  go  over  the  already  finished  work,  starting  from  the 
third  stage  which  it  had  left  off  before  it  could  complete  its 
hammock.  So,  again,  the  hive-bee  in  the  construction  of  its 
comb  seems  compelled  to  follow  an  invariable  order  of  work. 
M.  Fabre  gives  another  curious  instance  how  one  instinctive 
action  invariably  follows  another.  A  Sphex  makes  a  burrow, 
flies  away  and  seeks  for  prey,  which  it  brings,  paralyzed  by 
having  been  stung,  to  the  mouth  of  its  burrow ;  but  always 
enters  to  see  that  all  is  right  within  before  dragging  in  its 
prey;  whilst  the  Sphex  was  within  its  buiTow,  M.  Fabre 
removed  the  prey  to  a  short  distance ;  when  the  Sphex  came 
out  it  soon  found  the  prey  and  brought  it  again  to  the  mouth 
of  the  burrow ;  but  then  came  the  instinctive  necessity  of 
reconnoitering  the  just  reconnoitered  burrow ;  and  as  often 
as  M.  Fabre  removed  the  prey,  so  often  was  all  this  gone 
over  again,  so  that  the  unfortunate  Sphex  reconnoitered  its 
burrow  forty  times  successively  !  When  M.  Fabre  altogether 
removed  the  prey,  the  Sphex,  instead  of  searching  for  fresh 
prey  and  then  making  use  of  its  completed  burrow,  felt  itself 
under  the  necessity  of  following  the  rhythm  of  its  instinct, 
and  before  making  a  new  burrow,  completely  closed  up  the 
old  one  as  if  it  were  all  right,  although  in  fact  utterly  useless 
as  containing  no  prey  for  its  larva.* 

*  Annt.  dn  Soi  Nat.,  4  aer.,  tome  vi,  p.  liS.    With  respeot  to  Beei,  tee 
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"  In  another  way  we  perhaps  see  the  relation  of  habit  and 
instinct,  namely  in  the  latter  acquiring  great  force  if  practised 
only  once  or  twice  for  a  short  time ;  thus  it  is  asserted  that 
if  a  calf  or  infant  has  never  sucked  its  mother,  it  is  very  much 
easier  to  bring  it  up  by  hand  than  if  it  has  sucked  only 
once  *  So  again  Kirbyt  states  that  larva,  after  having  '  fed 
for  a  time  on  one  plant,  will  die  rather  than  eat  another, 
which  would  have  been  perfectly  acceptable  to  them  if  ac- 
customed to  it  from  the  first.' " 

Such,  then,  are  some  of  the  d  priori  reasons  for  believing 
that  instincts  must  have  arisen  from  one  or  other  of  these 
two  sources — natural  selection  or  lapsing  intelligence ;  it  now 
remains  to  prove,  d  posteriori,  that  they  have  so  arisen.  I 
may  first  give  a  brief  sketch  of  how  this  proof  ought  to 
proceed. 

The  proof,  then,  that  instincts  have  had  a  primary  mode 
of  origin  requires  to  show : — 

I.  That  non-intelligent  habits  of  a  non-adaptive  character 

occur  in  individuals. 

II.  That  such  habits  may  be  inherited. 

III.  That  such  habits  may  vary. 

IV.  That  when  they  vary  the  variations  may  be  inherited. 

V.  That  if  such  variations  are  inherited,  we  are  justified 
in  assuming,  in  view  of  all  that  we  know  concerning 
the  analogous  case  of  structures,  that  they  may  be  fixed 
and  intensified  in  beneficial  lines  by  natural  selection. 

The  proof  that  instincts  have  had  a  secondary  mode  of 
origin  requires  to  show : — 

VI.  That  intelligent  adjustments  when  frequently  per- 
formed by  the  individual  become  automatic,  either  to 
the  extent  of  not  requiring  conscious  thought  at  all, 
or,  as  consciously  adjustive  habits,  not  requiring  the 
same  degree  of  conscious  effort  as  at  first. 

VII.  That  automatic  actions  and  conscious  habits  may 
be  inherited. 

Primary  Instincts. 

Proceeding,  then,  to  consider  these  sundry  heads  of  proof, 
it  is  easy  to  establish  Proposition  I,  inasmuch  as  the  fact 

Kirbj  and  Spence,  Entomology,  toI.  i,  ^.  497.    For  the  bammook  caterpillar, 
Hoe  Mem.  Soo.  Phya.  de  Qenive,  tome  vii,  p.  164. 

*  Zoonomia,  p.  140.  f  iHtro,  to  Entomol.,  Tol.  i,  p.  891. 
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which  it  states  is  a  matter  of  daily  observation.  "  Tricks  of 
manner,"  indeed,  are  of  such  frequent  occurrence  in  the 
nursery  and  schoolroom,  that  it  usually  entails  no  small 
labour  on  the  part  of  elders  to  eradicate  them,  and  when  not 
eradicated  in  childhood  they  are  apt  to  continue  through 
life,  unless  afterwards  conquered  by  the  efforts  of  the  indi- 
vidual himself.  But  in  cases  where  the  trick  of  manner  is 
not  obnoxious,  or  sufficiently  unusual  to  call  for  checking,  it 
is  allowed  to  persist,  and  thus  it  is  that  almost  every  one 
presents  certain  slight  peculiarities  of  movement  which  we 
recognize  as  characteristic* 

Such  peculiarities  of  movement  as  we  meet  with  them  in 
ordinary  life  are  slightly  marked ;  but  their  significance  in 
relation  to  instinct  has  been  obtruded  on  my  notice  by 
observing  them  in  the  much  more  striking  form  in  which 
they  are  presented  by  idiots.  This  is  a  class  of  persons 
which,  as  we  shall  find  in  my  next  work,  is  of  peculiar 
interest  in  relation  to  mental  evolution,  because  in  them  we 
have  a  humpu  mind  arrested  in  its  development  as  well  as 
deflected  in  its  growth — therefore  in  many  cases  supplying  to 
the  comparative  psychologist  very  suggestive  material  for 
study.  Now  one  of  the  things  which  must  most  strike  any 
one  on  first  visiting  an  idiot  asylum,  is  the  extraordinary 
character  and  variety  of  the  meaningless  tricks  of  manner 
which  are  everywhere  being  displayed  around  him.  These 
tricks,  often  ludicrous,  sometimes  painful,  but  usually 
meaningless,  are  always  individual  and  wonderfully  per- 
sistent. Generally  speaking,  the  lower  the  idiot  in  the  scale 
of  idiotcy,  the  more  pronounced  is  this  peculiarity ;  so  that  if 
one  sees  a  patient  moving  to  and  fro  continually,  or  otherwise 
exhibiting  "  rhythmical  movements,"  one  may  be  pretty  sure 
that  the  case  is  a  bad  one.  But  even  among  the  higher  idiots 
and  "  feeble-minded,"  strange  and  habitual  movements  of  the 
hands,  limbs,  or  features  are  exceedingly  common. 

Among  animals  similar  facts  are  to  be  noticed.  Scarcely 
any  two  sporting  dogs  "  point "  in  exactly  the  same  manner, 

•  Dr.  Carpenter  says  (Mental  Phynologif,  p.  878),  "What  particular 
'  trick '  each  individual  may  learn,  depetds  very  much  upon  accident.  Thus, 
in  the  old  times  of  dependent  watch-chains  and  massive  bunches  of  seats, 
these  were  the  readiest  playthings  "  &a.  In  view  of  the  relation  which  such 
"tricks''  bear  to  the  tormation  of  primary  instincts,  this  remark  has  some 
importance ;  it  shows  that  even  aimless  movements  may  be  determined  and 
rendered  habitual  by  the  conditions  of  the  environment. 
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although  every  dog  adheres  to  his  particular  attitude  through 
life.  Nearly  all  domestic  animals  exhibit  slight  but  indi- 
vidually constant  differences  of  movement  when  caressed, 
when  they  are  threatened,  when  at  play,  &c.  But  perhaps  a 
more  striking  view  of  this  subject  may  be  obtained  by  con- 
sidering the  sum  of  the  neuro-muscular  conditions,  leading  to 
individual  peculiarities  of  movement,  which  we  comprise 
under  the  term  "  disposition,"  or,  if  more  prominent,  "  idiosjrn- 
cracy."  Thus  many  dogs  develop  the  meaningless  habit — 
which  has  all  the  strength  of  an  incipient  instinct,  and  in 
the  case  of  the  collie  breed,  a3  we  shall  subsequently  see, 
inherited  or  innate — of  barking  round  a  carriage.  Some  cats 
take  to  "  mousing  "  with  avidity,  while  others  can  never  be 
taught  to  care  about  the  sport.  All  who  keep  pet  birds — 
and  indeed  domestic  animals  of  any  kind — must  have 
noticed  the  diversity  of  their  dispositions  in  respect  of  play, 
boldness,  amiability,  &c. ;  and  Mr.  W.  Kidd,  who  had  a  very 
large  experience,  is  sure  that  the  diversity  of  disposition  in 
larks  and  canaries  is  displayed  by  nestlings  reared  from  the 
nest.* 

Almost  innumerable  instances  might  be  given  of  indi- 
vidual variations  in  the  instincts  of  nest-building.f    Even  as 

*  See  Oardener^a  Chronicle,  1R61,  p.  181,  which  is  referred  to  in  this 
connection  in  Mr.  Darwin's  MSS. 

t  For  example,  the  Nut-hatch  usually  build?  iu  the  hollow  branch  of  a  tree, 
plastering  up  the  opening  with  clay  ;  but  Mr.  Hewetson  found  a  pair  which 
for  many  years  occupied  a  hole  in  a  wall  {YarreVs  Birds),  and  Mr.  Bond 
describes  another  nest  placed  in  the  side  of  a  hay-stack,  built  up  with  a  mass 
of  clay  weighing  no  less  than  eleven  pounds,  and  the  nest  measuring  thirteen 
inches  in  height  {Zoologist,  2nd  ser.,  p.  2860).  The  golden-crested  Wren,  also, 
frequently  exhibits  variations  in  the  structure  and  situation  of  its  nest  (Hist. 
Brit.  Birds,  4th  ed.,  vol.  i,  p.  450).  The  G-olden  Eagle  builds  in  precipitous 
crags  of  rock ;  but  Mr.  D.  B.  Knox  (Antumns  on  the  Spey,  1872,  pp.  141-3), 
describes  a  nest  which  he  himself  examined  on  a  fir-tree,  not  above  twenty 
feet  from  the  ground.  Couch  says  that  "  more  than  one  pair  of  birds  will 
sometimes  unite  in  occupying  one  nest,  and  either  rear  their  broods  in  com- 
mon, or  one  of  them  will  surrender  the  future  care  of  them  to  the  other  (lUus- 
trations  of  Instinct,  p.  238).  Mr.  S.  Stone,  writing  of  the  Missel -thrush  says, 
"  From  what  has  been  written,  it  appears  plain  that  some  individuals  use  clay  or 
plaster  in  the  construction  of  the  nest,  while  others  contrive  to  do  without  it, 
which  agrees  with  my  own  observation,  for  although  I  have  found  nests 
which  did  not  contain  plaster,  the  greater  part  of  those  which  have  fallen  in 
my  way — and  they  have  been  not  a  few — certainly  have  had  a  plastering  of 
some  lund  between  the  twigs  and  lit^hens  outside  and  the  fine  grasses  which 
invariablv  constitute  the  lining ;  this  has  been  more  especially  the  case  when 
the  bird  W  selected  as  a  site  the  horizontal  branches  of  a  tree  (Field,  Jan.  8, 
1861.    This  ia  a  clipping  which  I  find  ejtuong  Mr.  Darwin's  MS  notes).     As 
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low  down  in  the  psychological  scale  as  the  insects,  we  are  not 
without  evidence  of  individual  variations  of  instinct.  Thus, 
for  instance,  Forel  observed  great  diversities  of  building 
among  the  F.  truncicola — ^the  nests  being  sometimes  domed, 
sometimes  made  under  stones,  and  sometimes  excavated  in 
the  wood  of  old  trees.  Likewise,  Biichner  observes,  "  one 
ant  wiU  let  herself  be  killed  rather  than  let  go  the  pupa 
which  she  holds,  while  another  will  let  them  fall  and  run 
away  like  a  coward,"  and  similar  statements  are  made  by 
Moggridge. 

But  as  showing  strongly  marked  individual  differences  of 
disposition  in  animals,  and  also  that  such  differences  may 
lead  to  useless  or  capricious  actions  having  all  the  strength 
of  incipient  instincts,  I  think  a  good  class  of  cases  to  select 
are  those  in  which  one  animal  conceives  a  strong  though 
senseless  attachment  to  another  animal  of  a  different  species. 
Thus,  for  instance,  I  once  found  a  wounded  widgeon  on  the 
shore,  and  took  it  home  to  my  poultry  yard.  After  a  time 
its  wounds  healed,  and  I  then  cut  its  wings  to  keep  it  as  a 
pet.  The  bird  soon  became  perfectly  tame,  and  then  con- 
ceived a  strong,  persistent,  and  unremitting  attachment  to  a 
peacock  which  also  belonged  to  the  establishment.  Wherever 
the  peacock  went  the  widgeon  followed  like  a  shadow,  so 
that  during  the  day  time  the  one  bird  was  never  seen  without 
the  other  being  in  close  attendance.  If  a  separation  were 
forcibly  effected,  the  distress  of  the  widgeon  was  very  great, 
and  she  would  whistle  incessantly  till  restored  to  her  old 
place  waddling  behind  the  tail  of  the  peacock.  This  devoted 
attachment  was  the  more  remarkable  from  the  fact  that  it 
was  not  in  the  smallest  degree  reciprocated  by  the  peacock. 
He  never  paid  the  slightest  heed  to  his  constant  companion, 
nor,  indeed,  did  he  seem  to  notice  that  she  was  always  just 
behind  him.  At  night  he  used  to  roost  upon  the  gable  of  a 
cottage.  The  poor  widgeon  could  not  fly  to  accompany  him, 
and  even  if  she  could  would  probably  not  have  been  able  to 
sit  upon  the  gable ;  but  she  always  kept  as  near  him  as  cir- 
cumstances would  permit,  for  as  soon  as  he  flew  up  to  hiB 
gable  she  would  squat  herself  down  upon  the  ground  just 

observed  in  the  text,  such  instances  might  be  multiplied  indefinitely ;  but  as 
a  considerable  number  of  additional  and  well  selected  cases  are  given  in 
Mr.  Darwin's  essay  at  the  end  of  this  book,  it  is  needless  for  me  to  adduce 
any  further  illustrations. 
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below  it — a  devotion  which  eventually  cost  her  her  life,  as 
she  thus  fell  a  prey  to  a  prowling  cat.  Now  here  we  have  a 
curious  case  of  a  bird  that  had  been  wild,  taking  a  violent 
fancy  for  the  wholly  useless  companionship  of  another  and 
very  dissimilar  bird ;  for  it  should  be  added  that  she  chose 
the  peacock  as  the  object  of  her  persistent  regard  out  of  a 
large  number  of  other  kinds  of  domestic  birds  which  lived 
about  the  place. 

Similarly,  cats  often  like  to  associate  with  horses,  and  in 
some  cases  with  dogs,  birds,  rats,  and  other  unlikely  creatures. 
Dogs  not  unfrequently  make  friendships  with  a  variety  of 
.animals,  and  in  a  case  recorded  by  F.  Cuvier  a  terrier  found 
so  much  delight  in  the  companionship  of  a  caged  lion,  that 
when  the  lion  died  the  dog  pined  away  and  died  also. 
Thompson  gives  cases  in  which  horses  have  become  "ex- 
tremely attached  to  dogs  and  to  cats,  and  seemed  pleased  to 
have  them  placed  on  their  backs  in  their  stalls."*  Eengger 
mentions  a  monkey  which  was  so  fond  of  a  dog  that  it  cried 
with  grief  during  the  absence  of  its  friend,  caressed  it  on  its 
return,  and  assisted  it  in  all  its  quarrels  with  other  dogs. 
"  A  peccari  in  the  menagerie  at  Paris  formed  a  strong  attach- 
ment with  one  of  the  keeper's  dogs,  and  a  seal  in  the  same 
place  allowed  a  little  water-dog  to  play  with  it  and  to  take 
tish  from  its  mouth,  which  it  always  resented  if  this  were 
attempted  by  the  other  seals  in  the  same  tank.  Dogs  have 
lived  on  terms  of  friendship  with  gulls  and  ravens  .... 
and  a  rat  has  been  known  to  accompany  his  master  in  his 
walks,"  &c.,  &c.t 

Colonel  Montagu,  in  the  Supplement  to  his  "Ornitho- 
logical Dictionary,"  p.  165,  relates  the  following  singular 
instance  of  an  attachment  which  took  place  between  a 
Chinese  goose  and  a  pointer.  "  The  dog  had  killed  the  male 
bird,  and  had  been  most  severely  punished  for  the  mis- 
demeanour, and  finally  the  dead  body  of  his  victim  was  tied 
to  his  neck.  The  solitary  goose  became  extremely  distressed 
for  the  loss  of  her  partner  and  only  companion ;  and  probably 
having  been  attracted  to  the  dog's  kennel  by  the  sight  of  her 
dead  mate,  she  seemed  detennined  to  persecute  the  dog  by 
her  constant  attendance  and  continual  vociferations ;  but 
after  a  liltle  time  a  strict  friendship  took  place  between  these 
incongruous  animals.    They  fed  out  of  the  same  trough,  lived 

*  Thompson,  Pattiotu  ofAnimah,  pp.  860-1.  f  Ibid, 
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under  the  same  roof,  and  in  the  same  straw  bed  kept  each 
other  warm ;  and  when  the  dog  was  taken  to  the  field,  the 
lamentations  of  the  goose  were  incessant." 

The  same  author  gives  cases  of  attachment  between  a 
pigeon  and  a  fowl,  a  terrier  and  a  hedgehog,  a  horse  and  a 
pig,  a  horse  and  a  hen,  a  cat  and  a  mouse,  a  fox  and  harriers, 
an  alligator  and  a  cat,  &c.,  all  as  having  fallen  under  his  own 
observation.    {Ihid.,  p.  162.) 

It  is  not  impossible  that  the  so-called  "  domestic  pets " 
which  are  kept  by  many  species  of  ants*  may  really  be  use- 
less adjuncts  to  the  hive,  capricious  love  of  association  having 
perhaps  in  these  ants  become  by  inherited  habit  truly 
instinctive.  This,  at  any  rate,  must  be  the  explanation  of  the 
fact  that  birds  of  different  species  wiU,  even  in  a  state  of 
nature,  occasionally  associate,  as  is  the  case  with  Guinea- 
fowls  and  partridges,  and,  according  to  Yarrell,  with  par- 
tridges and  landrails.  Such  unusual  cases  among  birds  in  a 
state  of  nature  are  of  special  interest,  because  they  may  then 
properly  be  regarded  as  the  beginnings  of  such  a  firmly  set 
and  truly  instinctive  association  as  that  which  obtains 
between  rooks  and  starlings,  &c.t 

Enough  has  now  been  said  in  support  of  Proposition  I, 
viz.,  tJiat  non-intelligent  habits  of  a  non-adaptive  character 
occur  in  individuals.  We  shall  next  proceed  to  Proposition  II, 
viz.,  that  such  habits  may  be  inherited. 

That  this  is  the  case  with  tricks  of  manner  in  man  is  a 
matter  to  be  observed  in  almost  every  family,  and  was  long 
ago  pointed  out  by  John  Hunter.  Mr.  Darwin  in  his  MSS 
gives  a  case  which  he  himself  observed,  "  and  can  vouch  for 
its  perfect  accuracy."  "  A  child  who  as  early  as  between  her 
fourth  and  fifth  vear,  when  her  imagination  was  pleasantly 
excited,  and  at  nu  other  time,  had  a  most  peculiar  trick  of 
rapidly  moving  her  fingers  laterally  with  her  hands  placed 
on  the  side  of  her  face;  and  her  father  had  precisely  the 

*  See  Attimal  InieUigenee,  pp.  83-4. 

t  Prof.  Newton,  F.R.S.,  informs  me  that  "  bands  of  the  Q^olden-orested 
Wren  may  frequently  be  observed  in  winter  consorting  with  bands  of  the 
Ooal-Titmouse,  and  in  a  less  degree  with  those  of  the  Long-tailed  Titmouse ; 
while  parties  of  Redpoles  and  Siskins  will  for  a  time  jjoin  their  company,  or  vice 
vend.  The  flocking  together  of  Books  and  Daws  is,  of  course,  an  evervdaj 
occurrence,  as  is  also  for  some  months  the  association  of  Starlings  with  them, 
and  in  many  cases  the  combination  of  all  with  Lapwings. 
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same  trick  under  the  same  frame  of  mind,  and  which  was 
not  quite  conquered  even  in  old  age :  in  this  instance  there 
could  not  possibly  have  been  any  imitation."* 

That  the  more  frequent  and  more  pronounced  tricks  of 
manner  which  are  manifested  by  idiots  are  likewise  inherited 
is  highly  probable ;  but  I  have  no  evidence  on  this  point,  as 
idiots  in  civilized  countries  are  not  allowed  to  propagate. 

In  the  case  of  animals,  however,  the  evidence  is  abun- 
dant. Thus,  ag'- '  I  to  quote  from  Mr.  Darwin's  MSS,  "  the 
Eev.  W.  Darwin  Fox  tells  me  that  he  had  a  Skye  terrier 
bitch  which  when  begging  rapidly  moved  her  paws  in  a  way 
very  different  from  that  of  any  other  dog  which  he  had  ever 
seen ;  her  puppy,  which  never  could  have  seen  her  mother 
beg,  now  when  full  grown  performs  the  same  peculiar  move- 
ment exactly  in  the  same  way."t 

As  regards  the  inheritance  of  disposition,  we  have  only 
to  look  to  the  sundry  breeds,  of  dogs  to  see  how  marked 
differences  of  this  kind  may  become  signally  distinctive  of 
different  breeds.  It  will  be  remembered  that  at  present  we 
are  only  concerned  with  the  inheritance  of  useless,  unintelli- 
gent, or  non-adaptive  habits,  and  therefore  have  here  nothing 
to  do  with  the  useful  and  intelligent  habits  which  are  bred 
into  our  various  races  of  dogs  by  means  of  artificial  selection 
combined  with  training.  But  even  in  the  case  of  purely 
meaningless  traits  of  character,  which  are  of  no  use  either  to 
the  animals  themselves  or  to  man,  we  lind  the  influences  of 
heredity  at  work.  Thus,  for  instance,  the  useless  and  even 
annoying  habit  of  barking  round  a  carriage,  which  occurs 
among  sundry  breeds  of  dogs,  is  particularly  pronounced  in 
the  collie,  and  is  truly  innate  or  not  dependent  on  imitation. 
This  is  shown  by  the  fact  that  collies  which  from  puppyhood 
have  never  seen  other  dogs  bark  at  horses,  will  nevertheless 
spontaneously  begin  to  do  so.J  Several  other  useless  traits 
of  character  or  disposition  peculiar  to  different  breeds  miglit  be 
mentioned ;  but  I  shall  pass  ou  to  the  most  remarkable  instance 

*  This  case  is  stated  in  different  words  in  Variation  of  AninutU  and 
Plantt,  Sui.,  Tol.  i,  pp.  460-1. 

t  Here,  towever,  I  may  remark  that  I  hare  noticed  several  Pji  >  terriers 
perform  these  movements  while  begging,  so  that  the  action  se<rniK  to  be  due 
to  some  race-distinction  of  a  psychological  kind,  and  not  mei-olj  to  aa  indi- 
vidual pecuharity.  It  therefore  leads  ou  to  the  olnss  of  casea  uext  considered 
in  the  text. 

X  See  Ifature,  vol.  xix,  p.  284. 
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I  have  met  with  in  dogs  of  the  inheritance  of  a  thoroughly  sense- 
less psychological  peculiarity.  I  refer  to  the  instance  which 
was  communicated  some  years  ago  to  Mr.  Darwin  by  Dr. 
Huggins,  F.E.S.,  and  which  I  shall  quote  in  his  own  words. 

"I  wish  to  communicatj  :o  you  a  curious  case  of  an 
inherited  mental  peculiarity.  I  possess  an  English  mastiff, 
by  name  Kepler,  a  son  of  tho  celebrated  Turk  out  of  Venus. 
I  brought  the  dog,  when  six  weeks  old,  from  the  stable  in 
which  he  was  bom.  The  fii-st  time  I  took  him  out  he  started 
back  in  alarm  at  the  first  butcher's  shop  he  had  ever  seen. 
I  soon  found  he  had  a  violent  antipathy  to  butchers  and 
butchers'  shops.  When  six  months  old  a  servant  took  him 
with  her  on  an  errand.  At  a  short  distance  before  coming  to 
the  house  she  had  to  pass  a  butcher's  shop ;  the  dog  threw 
himself  down  (being  led  with  a  string),  neither  coaxing  or 
threats  woidd  make  him  pass  the  shop.  The  dog  was  too 
heavy  to  be  carried,  and  as  a  crowd  collected,  the  servant  had 
to  return  with  the  dog  more  than  a  mile,  and  then  go  without 
him.  This  occurred  about  two  years  ago.  The  antipathy 
still  continues,  but  the  dog  will  pass  nearer  to  a  shop  than 
he  formerly  would.  About  two  months  ago,  in  a  little  book 
on  dogs,  published  by  Dean,  I  discovered  that  the  same 
strange  antipathy  is  shown  by  the  father,  Turk.  I  then 
wrote  to  Mr.  Mcholls,  the  former  owner  of  Turk,  to  ask  him 
for  any  information  he  might  have  on  the  point.  He  replied, 
'  I  can  say  that  the  same  antipathy  exists  in  King,  the  sire 
of  Turk,  in  Turk,  in  Punch  (son  of  Turk  out  of  Meg),  and  in 
Paris  (son  of  Turk  out  of  Juno).  Paris  has  the  greatest 
antipathy,  as  he  would  hardly  go  into  a  street  where  a 
butcher's  shop  is,  and  would  run  away  after  passing  it. 
When  a  cart  with  a  butcher's  man  came  into  the  place  where 
the  dogs  were  kept,  although  they  could  not  see  him,  they 
all  were  ready  to  break  their  chains.  A  master-butcher, 
dressed  privately,  called  one  evening  on  Paris'  master  to  see 
the  dog.  He  had  hardly  entered  the  house  before  the  dog 
(though  shut  in)  was  so  much  excited  that  he  had  to  be  put 
into  a  shed,  and  the  butcher  was  forced  to  leave  without 
seeing  the  dog.  The  same  dog  at  Hastings  made  a  spring  at 
a  gentleman  who  came  into  the  hotel  The  owner  caught  the 
dog  and  apologised,  and  said  he  never  knew  him  to  do  so 
before,  except  when  a  butcher  came  to  his  house.  The 
gentleman  at  once  said  that  was  his  business.' " 
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We  see,  then,  that  non-intelligent  habits  of  non-adaptive 
or  useless  character  may  be  strongly  inherited  by  domestic 
animals.  As  showing  that  the  same  is  true  of  breeds  or  strains 
in  wholly  wild  animals,  I  may  quote  Humboldt,  who  says,* 
that  the  Indians  who  catch  monkeys  to  sell  them  "  knew  very 
well  that  they  can  easily  succeed  in  taming  those  which 
inhabit  certain  islands ;  while  monkeys  of  the  same  species, 
caught  in  the  neighbouring  continent,  die  of  terror  or  rage 
when  they  find  themselves  in  the  power  of  man :"  and  in  his 
MSS  I  find  that  Mr.  Darwin  has  a  note  saying,  "divers 
dispositions  seem  to  run  in  families  of  crocodiles."  But  one 
of  the  most  curious  instances  that  I  have  met  with  of  the 
commencement  of  a  racial  and  useless  deviation  from  a 
strong  ancestral  instinct,  is  one  which  is  communicated  to 
Mr.  Darwin  in  a  letter  from  Mr.  Thwaits,  who  writes  from 
Ceylon  under  the  date  1860,  and  whose  letter  I  find  among 
Mr.  Darwin's  MSS.  Mr.  Thwaits  here  says  that  his 
domestic  ducks  quite  lost  their  natural  instincts  with  regard 
to  water,  which  they  never  enter  unless  driven.  The  young 
birds,  when  forcibly  placed  in  a  tub  of  water  are  "  quite 
alarmed,"  and  have  to  be  quickly  taken  out  again  "  or  they 
would  drown  in  their  struggling."  Mr.  Thwaits  adds  that 
this  peculiarity  does  not  extend  to  aU  the  ducks  iu  the 
island,  but  only  occurs  in  one  particular  breed  or  strain. 

In  Mr.  Darwin's  MSS  I  also  find  the  following  remarks : 
"  So  many  independent  authors  have  stated  that  horses  in 
different  parts  of  the  world  inherit  artificial  paces,  that  I 
think  the  fact  cannot  be  doubted.  Dureau  de  la  Mall3 
asserts  that  these  different  paces  have  been  acquired  since 
the  time  of  the  Eoman  classics,  and  that  from  his  own 
observation  they  are  inherited,  f  ....  Tumbler  pigeons 
offer  an  excellent  instance  of  an  instinctive  action,  acquired 
under  domestication,  which  could  not  have  been  taught,  but 
must  have  appeared  naturally,  though  probably  afterwards 
vastly  improved  by  the  continued  selection  of  those  birds 
which  showed  the  strongest  propensity — more  especially  in 

•  Pertonal  Narrative,  vol.  iii,  p.  888. 

t  After  giving  numerous  references  on  this  point  in  a  footnote, 
Mr.  Darwin  concludes  the  latter  thus  : — "  I  may  add  that  I  was  formerly 
•tnick  by  no  horse  on  the  grassy  plains  of  La  Plata  having  the  natural  high 
action  of  some  English  horses."  For  a  number  of  other  instances  of  here- 
ditary transmission  of  qualities  in  the  case  of  the  Horse,  see  Variation  (\f 
Animalt  and  I'lanti,  &o.,  vol.  i,  pp.  464-6. 
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ancient  times  in  the  East,  when  flying  pigeons  was  much 
esteemed.  Tumblers  have  the  habit  of  fljong  in  a  close 
flock  to  a  great  height,  and  as  they  rise  tumbling  head  over 
tail.  I  have  bred  and  flown  yoimg  birds,  which  could  not 
possibly  have  ever  seen  a  tumbler;  after  a  few  attempts 
even  they  tumbled  in  the  air.  Imitation,  however,  aids  the 
instinct,  for  all  fanciers  are  agreed  that  it  is  highly  desirable 
to  fly  young  birds  with  first-rate  old  ones.  Still  more 
remarkable  are  the  habits  of  the  Indian  sub-breed  of  tumblers, 
on  which  I  have  given  details  in  a  former  chapter,  showing 
that  during  at  least  the  last  250  years  these  birds  have  been 
known  to  tumble  on  the  ground,  after  being  slightly  shaken, 
and  to  continue  tumbling  until  taken  up  and  blown  upon. 
As  this  breed  has  gone  on  so  long,  the  habit  can  hardly  be 
called  a  disease.  I  need  scarcely  remark  that  it  would  be  as 
impossible  to  teach  one  kind  of  pigeon  to  tumble  as  to  teach 
another  kind  to  inflate  its  crop  to  the  enormous  size  which 
the  pouter  pigeon  habitually  does."* 

This  case  of  the  tumblers  and  pouters  is  singularly 
interesting  and  very  apposite  to  the  proposition  before  us,  for 
not  only  are  the  actions  utterly  useless  to  the  animals  them- 
selves, but  they  have  now  become  so  ingrained  into  their 
psychology  as  to  have  become  severally  distinctive  of  different 
breeds,  and  so  not  distinguishable  from  true  instincts.  This 
extension  of  an  hereditary  and  useless  habit  into  a  distinction 
of  race  or  type  is  most  important  in  the  present  connection. 
If  these  cases  stood  alon  -uey  would  be  enough  to  show  that 
useless  habits  may  become  hereditary,  and  this  to  an  extent 
which  renders  them  indistinguishable  from  true  instincts.f 

In  the  Appendix  several  instructive  cases  of  the  same 
kind  will  be  found,  such  as  that  of  the  Abyssinian  pigeon, 
which,  when  fired  at,  "  plunges  down  so  as  almost  to  touch 
the  sportsman,  and  then  mounts  to  an  immoderate  height  ;"J 
the  biscacha,  which  "  almost  invariably  collects  all  sorts  of 

*  For  further  partioulan  on  the  instinot  of  tumbling,  see  Variation  qf 
AnimaU  and  Plants,  vol.  i,  p.  219,  and  230. 

t  Some  years  ago  the  Ratels  which  were  confined  in  one  cage  at  the 
Zoological  Gardens  acquired  the  apparently  useless  habit  of  perpetually 
tumbUng  head  over  heels.  If  their  progeny  were  to  be  exposed  for  a  number 
of  generations  to  similar  conditions  of  life,  they  would  probably  develone  a 
true  instinct  of  turning  somersaults  analogous  to  that  of  the  tumoler- 
pige9n. 

%  I  hare  frequently  noticed  a  <)imilar  propensity  in  the  Lapwing. 
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rubbish,  bones,  stones,  dry  dung,  &c.,  near  its  burrow ; "  the 
guanacoes  which  "  have  the  habit  of  returning  (like  flies)  to 
the  same  spot  to  drop  their  excrement ; "  horses,  dogs,  and 
the  hjrrax,  showing  a  somewhat  similar  and  equally  useless 
propensity  ;  hens  cackling  over  their  eggs,  &c.,  &c.  So  that 
I  think  the  evidence  is  abundant  in  support  of  the  proposi- 
tion that  senseless  or  useless  habits  may  be  inherited,  and 
thus  become  racial  characteristics,  or  purposeless  instincts. 

Passing  on,  then,  to  Propositions  III  and  IV, — ^viz.,  that 
such  habits  may  vary,  and  that  when  they  vary  the  variations 
may  he  inherited — the  truth  of  these  facts  has  already  been 
made  apparent.  The  paces  of  the  horse  in  different  parts  of 
the  world  are  so  many  race-characteristics  of  the  animals ;  the 
ground-tumblers  display  an  inherited  variation  as  compared 
with  the  air-tumblers,  and  if  tumblers  are  not  allowed  to 
exercise  their  art,  it  undergoes  the  variation  of  becoming 
obliterated — just  as  we  shall  presently  see  is  the  case  with 
many  true  instincts.  The  different  dispositions  of  the  same 
species  of  monkeys  on  different  islands,  prove  that  the 
ancestral  disposition  must  have  varied  in  the  progeny,  and 
have  then  continued  to  be  inherited  in  its  varied  states  along 
the  several  lines  of  descendants. 

From  the  exclusive  nature  of  the  requirement,  it  is  not 
easy  to  find  many  examples  of  inherited  varieties  of  useless 
habits,  nor  is  it  important  that  I  should  give  a  number  of 
illustrations  on  this  head.  There  is  abundant  evidence  that 
non-intelligent  and  purposeless  habits  are  inherited,  and  tliis 
is  the  main  point ;  for  that  such  habits,  when  inherited,  should 
vary,  is  a  matter  of  certainty,  seeing,  as  we  presently  shall, 
that  such  is  the  case  even  with  intelligent  and  useful  habits. 
If  the  latter  are  liable  to  vary  in  their  course  of  inheritance, 
a  fortiori  the  former  must  be  similarly  liable,  inasmuch  as 
they  arise  in  a  manner  analogous  to  fortuitous  "  sports "  of 
structure  (which  are  always  eminently  variable),  and  after- 
wards have  no  check  imposed  on  their  variability  jither  by 
intelligence  or  by  selection. 

Similarly  Proposition  V  requires  very  little  to  be  said  in 
the  way  of  proof.  If  among  a  number  of  meaningless  habits, 
all  more  or  less  hereditary  and  more  or  less  variable,  any  one 
should  happen  from  the  first  to  be,  or  afterwards  to  vary  so 
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as  to  become  accidentally  beneficial  to  the  animal,  then  we 
are  bound  to  believe  that  natural  selection  would  fix  this 
habit,  or  its  beneficial  variations.  And  the  proof  that  such 
a  process  has  taken  place  is  given  by  the  fact  of  their  being 
many  instincts  —  such  as  the  incubating  instinct  before 
alluded  to — ^which  cannot  conceivably  have  been  developed 
in  any  other  way.  Whether  or  not  this  instinct  began  in 
habits  adapted  to  the  protection  of  the  eggs,  it  is  certain  that 
it  cannot  have  begun  with  any  intelligent  reference  to  hatch- 
ing them ;  and  it  is  no  less  certain  that  before  the  instinct 
attained  its  present  degree  of  perfection,  it  must  have  passed 
through  many  stages  of  variation,  few  if  any  of  which  can 
have  been  due  to  intelligent  purpose  on  the  part  of  the  birds. 
And  further  proof  is  rendered,  as  I  have  alfo  previously 
observed,  by  the  fact  that  many  instincts  are  displayed  by 
animals  too  low  in  the  zoological  scale  to  admit  of  our  sup- 
posing that  they  can  ever  have  been  due  to  intelligence.  To 
give  only  one  illustration,  the  larva  of  the  caddice  fly  lives  in 
water  and  constructs  for  itself  a  tubular  case  made  of  various 
particles  glued  together.  If  during  its  construction  this  case 
is  found  to  be  getting  too  heavy — i.e.,  its  specific  gravity 
greater  than  that  of  the  water — a  piece  of  leaf  or  straw  is 
selected  from  the  bottom  of  the  stream  to  be  added  to  the 
structure ;  and  conversely,  if  the  latter  is  found  to  be  gatting 
too  light,  so  as  to  show  a  tendency  to  float,  a  small  stone  is 
morticed  in  to  serve  as  ballast.*  In  such  a  case  as  this  it 
seems  impossible  that  an  animal  so  low  in  the  zoological 
scale  can  ever  have  consciously  reasoned — even  in  the  most 
concrete  way — that  some  particles  have  a  higher  specific 
gravity  than  others,  and  that  by  adding  a  particle  of  this  or 
that  substance,  the  specific  gravity  of  the  whole  structure 
may  be  adjusted  to  that  of  the  water.  Yet  the  actions 
involved  are  no  less  clearly  something  more  than  reflex ;  they 
are  instinctive,  and  can  only  have  been  evolved  by  natural 
selection.  Similarly,  Professor  Duncan  suggests,  in  a  lecture 
before  the  British  Association,  1872,  that  the  instinct  of  the 
Odynerus — which  forms  a  tubular  ante-chamber  and  provision- 
chamber  filled  with  stung  grubs  for  the  future  use  of  offspring 
which  it  never  saw — probably  arose  in  this  way.  M.  Fabre 
has  observed  that  Bembex  indica  lays  an  egg  in  a  chamber, 

*  A  Monographio  Revision  and  Sffn'ipnit  of  the   Triohoptera  of  the 
HHropean  Fauna,  1881,  bjr  Robert  M'Laohlan,  F.B.S. 
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and  that  the  egg  hatches  very  shortly.  The  insect  then  visits 
its  living  offspring  every  day,  bringing  it  small  larvae  stung 
to  keep  them  quiet.  Now  this  instinct  may  have  been 
altered  in  Odynerus  by  a  delay  arising  in  the  time  of  hatch- 
ing, and  a  series  of  victims  having  been  therefore  placed  in 
the  provision-chamber  in  obedience  to  the  primitive  instinct, 
which  has  thus  become  modified  into  a  new  one. 

Numerous  other  instincts  will  be  found  mentioned  in  the 
Appendix,  the  origin  of  which  can  only  be  attributed  to  the 
uncompounded  influence  of  natural  selection.  I  feel,  there- 
fore, that  it  is  needless  for  me  to  adduce  further  illustrations, 
and  so  shall  here  conclude  my  observations  on  instincts  of 
the  primary  class. 

Secondary  Instincts. 

Coming  now  to  the  second  series  of  propositions,  we  shall 
find  that  their  proof  casts  a  good  deal  of  reflected  light  upon 
those  which  we  have  just  considered — flight  which  tends  still 
further  to  demonstrate  the  latter. 

First,  then,  we  have  to  show  that  "  intelligent  adjmtments, 
when  frequently  performed  by  the  indimdual,  become  automatic, 
either  to  the  extent  of  not  requiring  conscious  thought  at  all,  or, 
as  consciously  adjustive  habits,  not  requiring  the  same  degree  of 
conscious  effort  as  at  first. 

The  latter  part  of  this  proposition  has  already  been 
proved  in  an  earlier  chapter  of  this  book.  That  "  practice 
makes  perfect "  is  a  matter,  as  I  have  previously  said,  of 
daily  observation.  Whether  we  regard  a  juggler,  a  pianist, 
or  a  billiard  player,  a  child  learning  his  lesson,  or  an  actor  his 
part  by  frequently  repeating  it,  or  any  one  of  a  thousand  other 
illustrations  of  the  same  process,  we  see  at  once  that  there  is 
truth  in  the  cynical  definition  of  a  man  as  "a  bundle  of 
habits."  And  the  same,  of  course,  is  true  of  animals. 
"Training"  an  animal  is  essentially  the  same  process  as 
educating  a  child,  and,  as  we  shall  presently  have  occasion  to 
show,  animals  in  a  state  of  nature  develop  special  habits  in 
relation  to  local  needa 

The  extent  to  which  habit  or  repetition  may  thus  serve 
to  supersede  conscious  effort  is  a  favourite  theme  among 
psychologists ;  and  one  or  two  instances  have  already  been 
given  in  the  chapter  on  the  Physical  Basis  of  Mind.  To 
this  point,  therefore,  I  need  not  recur. 
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It  remains  to  mention  another  class  of  acquired  mental 
habits,  and  one  which  is  still  more  suggestive  in  relation  to 
instinct,  inasmuch  as  the  habits  are  purely  mental,  and  not 
associated  with  mechanically  distinctive  movements.  Thus, 
as  Professor  Alison  remarks,*  the  sense  of  modesty  in  man  is 
not  a  true  instinct,  because  it  is  neither  innate  nor  is  it  ex- 
hibited by  all  the  members  of  the  species — being,  in  fact, 
only  displayed  by  the  civilized  races.  Yet,  although  merely 
a  taught  habit  of  mind,  among  morally  cultured  persons  it  is 
in  strength  and  precision  indistinguishable  from  a  tme 
instinct.  Similarly,  though  in  a  lesser  degree,  the  influences 
of  refinement  and  good  taste,  operating  upon  the  individual 
from  childhood,  produce  such  a  powerful  and  unremitting 
influence,  that  the  extreme  nicety,  spontaneity,  and  readiness 
of  adjustment  to  highly  complex  conditions  which  result  are 
recognized  even  in  ordinary  conversation  as  akin  to  the 
promptings  of  instinct;  for  we  commonly  say  that  a  man 
has  "the  instincts  of  a  gentleman,"  or  that  so  and  so  is 
"underbred."  This  latter  term,  howe/er,  introduces  us  to 
the  division  of  our  subject  which  we  have  to  consider  under 
the  next  heading — namely,  the  extent  to  which  habits  of 
mind,  intentionally  or  intelligently  acquired  by  the  individual, 
may  be  transmitted  to  progeny.  To  this  branch  of  our  dis- 
cussion, therefore,  we  shall  now  pass.f 

Accepting,  then.  Proposition  VI  as  beyond  dispute,  we 
have  here  to  substantiate  Proposition  VII,  viz..  That  aiUomatio 
actions  and  conscious  habits  may  be  inherited. 

Now  we  have  already  seen  that  this  is  certainly  the  case 

•  Article  "  Instinct,"  Todd'a  Cyclo.  of  Anat.,  vol.  iii,  1839. 

t  Mr.  Darwin's  HIS  points  out  that  persons  of  weak  intellect  are  very  apt 
to  fall  into  habitual  or  automntio  actions,  and  these,  from  not  being  performed 
under  the  mandates  of  the  will,  are  more  nearly  allied  to  reflex  actions  than 
are  properly  voluntary  or  deliberate  movements.  This  correlation  is  also  to  be 
observed  in  animals,  and  the  MS  gives  a  ease  which  Mr.  Darwin  observed  of 
an  idiotic  dog,  whose  instinct  of  turning  round  before  lying  down  (a  remnant, 
probably,  of  the  instinct  of  forming  a  bed  in  long  grass)  was  so  strongly 
developed,  or  so  little  checked  by  intelligence,  "  that  he  has  been  counted  to 
turn  round  twenty  times  before  lying  down." 

This  action  of  turning  round  may  certainly  be  regarded  as  the  sunival 
of  »  secondary  instinct.  Now  seconrlary  instincts  are  formed  by  a  descent 
from  intelligent  action,  through  habitual  action,  towards  reflex  action;  there- 
fore it  is  interesting  that  when,  as  in  such  a  case  as  this,  they  are  fuUv  formed 
as  instincts,  they  are  found  to  resemble  automatic  habits  in  showing  moat 
unrestricted  play  when  intelligence  is  enfeebled  or  idiotic. 
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with  automatic  actions  which  have  arisen  accidentally,  or 
without  intelligent  purpose ;  and  it  would  be  anomalous  were 
the  fact  otherwise  with  automatic  actions  which  have  been 
acquired  consciously.  The  evidence  that  the  fact  is  not 
otherwise  is  considerable. 

First  we  may  take  the  case  of  man.  "  On  what  a  curious 
combination  of  corporeal  structure,  mental  character,  and 
training,"  says  Mr.  Darwin,  "must  hand-writing  depend! 
Yet  every  one  must  have  noted  the  occasional  close  similarity 
of  the  hand-writing  in  father  and  son,  although  the  father 
had  not  taught  the  son  ....  Hofacker,  in  Germany, 
remarks  on  the  inheritance  of  hand  writing;  and  it  has  been 
even  asserted  that  English  boys,  when  taught  to  write  in 
France,  naturally  cling  to  their  English  manner  of  writing." 
Dr.  Carpenter  says  he  is  "  assured  by  Miss  Cobbe  that  in  her 
family  a  very  characteristic  type  of  hand-writing  is  traceable 
through  five  generations;"  and  in  his  own  family  there 
occurred  a  curious  case  of  a  gentleman  who  inherited  a 
"  constitutional "  character  of  hand- writing,  and  lost  his  right 
arm  by  an  accident;  "in  the  course  of  a  few  months  he 
learnt  to  write  with  his  left  hand,  and  before  long  the  hand- 
writing of  the  letters  thus  written  came  to  be  indistinguish- 
able from  that  of  his  former  letters."  This  case  reminds  me 
of  a  fact  which  I  have  frequently  observed — and  which  has 
doubtless  been  observed  by  others — ^viz.,  that  if  I  write  in  any 
unusual  direction  (as,  for  instance,  on  the  perpendicular  face 
of  a  recording  cylinder),  the  hand-writing  is  unaltered  in 
character,  although  both  the  hand  and  the  eye  are  working  in 
a  most  unusual  manner ;  so  strong  is  the  mental  element  in 
hand-writing.  Similarly,  as  observed  in  a  previous  chapter, 
if  one  takes  a  pencil  in  each  hand  and  writes  the  same  word 
with  both  hands  simultaneously — the  left  hand  writing  from 
right  to  left — on  holding  the  backward  written  word  before 
a  mirror,  the  hand-writing  may  at  once  be  recognized. 

Many  other  instances  might  be  given  of  the  force  of 
inheritan'^e  in  the  mental  acquisitions  of  man.*    But  turning 


*  See  Caroenter,  Mental  Phiftiology,  pp.  898-4,  where  he  disouBses  and 

S'ves  cases  oi  heredilarr  aptitude  for  music  and  painting.  Also  Oalton'a 
ereditary  Genius,  for  high  mental  qualities  running  in  families,  either  in 
the  same  or  in  analojgous  linos  of  activity ;  and  Spencer  (Peychology,  i,  p.  422) 
for  raoe-oharacteristios  of  psTOhologj  in  man.  The  effects  of  "  good  breeding  " 
or  "  blood  *'  in  bequeathing  hereditary  disposition  and  refinement  have  already 
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now  to  the  more  important  case  of  animals,  I  shall  give  only 
a  few  examples  among  almost  any  number  that  I  could 
quote.  Thus,  in  Norway,  the  ponies  are  used  without 
bridles,  and  are  trained  to  obey  the  voice ;  as  a  consequence 
a  race-peculiarity  has  been  established,  for  Andrew  Knight 
says  "  the  horse  breakers  complain,  and  certainly  with  very 
good  reason,  that  it  is  impossible  to  give  them  what  is  called 
a  mouth ;  they  are  nevertheless  exceedingly  docile,  and  more 
than  ordinarily  obedient,  when  thej  understand  the  commands 
of  their  masters."*  Again,  Mr.  Lawson  Tait  tells  me  that  he 
had  a  cat  which  was  taught  to  beg  for  food  like  a  terrier,  so 
that  she  developed  the  habit  of  assuming  this  posture — so 
very  unusual  in  a  cat — whenever  she  desired  to  be  fed.  All 
her  kittens  adopted  the  same  habit  under  circumstances  which 
precluded  the  possibility  of  imitation ;  for  they  were  given 
away  to  friends  very  early  in  life,  and  greatly  surprised  their 
new  owners  when,  several  t  eeks  afterwards,  they  began 
spontaneously  to  beg.f 

In  order  to  show  that  the  same  principles  apply  to 
animals  in  a  state  of  nature,  it  will  be  enough  to  adduce  the 
one  instance  of  hereditary  wildness  and  tameness,  for  this 
instance  affords  evidence  of  the  most  conclusive  kind.  Wild- 
ness or  tameness  simply  means  a  certain  group  of  ideas  or 
disposition,  having  the  character  of  an  instinct,  so  that  we 
may  properly  speak  of  a  wild  animal  as  "  instinctively  afraid  " 
of  man  or  other  enemy,  and  of  a  tame  one  as  instinctively 
the  reverse.  Indeed,  one  of  the  most  typical  and  remarkable 
illustrations  of  instinct  that  could  be  given  is  that  of  the  in- 
born dread  of  enemies,  as  exhibited,  for  instance,  by  chickens 
at  the  sight  of  a  hawk,  by  horses  at  the  smell  of  a  wolf,  by 
monkeys  at  the  appearance  of  a  snake,  &c.  Now,  fortunately, 
there  is  material  for  amply  proving  both  that  these  instincts 
may  be  lost  by  disuse,  and,  conversely,  that  they  may  be 
acquired  as  instincts  by  the  hereditary  transmission  of 
ancestral  experience. 

been  alluded  to,  and  I  think  observation  will  show  that  the  same  applies  to 
the  sense  of  modestv. 

•  Phil.  Trans.,  1889,  p.  869. 

t  Inasmuch  as  the  action  of  "begging"  is  so  unusual  in  the  Oat,  the 
above  case  of  its  heredita^  transmission  is  more  remarkable  than  the  similar 
coses  which  occur  in  the  Dog ;  see  Lewes,  ProhUms  of  Life  and  Mind,  vol.  i, 
p.  229,  and  Fiske,  Cotmio  Philosophif,  vol.  ii,  p.  160.  and  more  especialljr  a 
case  recorded  by  Mr.  L.  Hurt,  in  Nature  (Aug.  1,  1872)  of  a  Skye  terrier 
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The  proof  that  instiuctive  wildness  natural  to  a  species 
may  be  lost  by  disuse  is  strikingly  rendered  by  the  case  of 
rabbits.  As  Mr.  Darwin  remarks,  "hardly  any  animal  is 
more  difficult  to  tame  than  the  young  of  the  wild  rabbit ; 
scarcely  any  animal  is  tamer  than  the  young  of  the  tame 
rabbit ;  but  I  can  hardly  suppose  that  domestic  rabbits  have 
often  been  selected  for  tameness  alone  ;  so  we  must  attribute 
at  least  the  greater  part  of  the  inherited  change  from  extreme 
wildness  to  extreme  tameness,  to  habit  and  long-continued 
close  confinement  ;*  and  in  his  MSS  he  adds,  "  Captain 
Sulivan,  R.N".,  took  some  young  rabbits  from  the  Falkland 
Islands,  where  this  animal  has  been  wild  (i.e.,  feral)  for 
several  generations,  and  he  is  convinced  that  they  are  more 
easily  tamed  than  really  wild  rabbits  in  England.  The 
facility  of  breaking  in  the  feral  horses  in  La  Plata  can,  I 
think,  be  accounted  for  on  the  same  principle  of  some  little 
of  the  effects  of  domestication  being  long  inherent  in  the 
breed."  Similarly  Mr.  Darwin  points  out  in  his  MSS  that 
there  is  a  great  contrast  between  the  natural  tameness  of  the 
tame  duck  and  the  natural  wildness  of  the  wild.f  The  still 
more  remarkable  contrasts  which  are  presented  between  our 
domestic  dogs,  cats,  and  cattle  I  shall  consider  later  on ;  for 
in  them  it  is  probable  that  the  principle  of  selection  has 

belonging  to  him  which  had  great  difficulty  in  acquiring  bj  tuition  the 
accomplishment  of  begging,  but  afterwards  habitually  practised  it  as  a  general 
expression  of  desire.  Mr.  Hurt  then  adds,  "  One  of  his  daughters,  who  has 
never  seen  her  father,  is  in  the  constant  habit  of  sitting  up,  although  she  has 
never  been  taught  to  do  so,  and  has  not  seen  others  sit  up." 
'    *  Origin  of  Speciet,  p.  211. 

t  With  reference  to  tliese  points  I  may  here  appropriately  quote  the  fol- 
lowing note,  which  occurs  among  Mr.  Darwin's  M88. 

" '  The  wild  rabbit,'  says  Sir  J>  Sebright  (On  InsHnctt,  1836,  p.  10)  '  is  by 
far  the  most  untameable  animal  that  I  know,  and  I  have  had  most  of  the 
British  Mammalia  in  my  possession.  I  have  taken  the  young  ones  from  the 
nest,  and  endeavoured  to  tame  them,  but  could  never  succeed.  The  domestic 
rabbit,  on  the  contrary,  is  perhaps  more  easily  tamed  than  any  other  animal, 
excepting  the  dog.'  We  have  an  exactly  parallel  case  in  the  young  of  the 
wild  and  tame  Duck." 

I  may  also  quote  the  following  interesting  corroboration  of  the  above 
statement  with  reference  to  ducks,  from  a  letter  recently  published  in  Nature, 
hj  Dr.  Rae,  F.B.S.  (July  19,  1883)  :— "  If  the  eggs  of  a  wild  duck  are  placed 
with  those  of  a  tame  one  under  a  hen  to  be  hatched,  the  ducklings  from  the 
former,  on  the  very  dny  they  leave  the  e^g,  will  immediately  endeavour  to 
hide  themselves,  or  take  to  the  water,  if  there  is  any  vrator,  should  any 
person  approach,  whilst  the  young  from  the  tame  duck's  eggs  will  show  little 
or  no  alarm,  indicating  in  both  cases  a  clear  instance  of  instuiot  or  '  inherited 
memory.' " 
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played  an  important  part,  and  at  present  we  are  confining 
our  attention  to  the  evidence  concerning  the  formation  of 
secondary  instincts,  or  the  mere  lapsing  of  intelligence  into 
instinct  without  the  aid  of  selection. 

We  see,  then,  that  the  instinct  of  wildness  may  be  eradi- 
cated by  mere  disuse,  without  any  assistance  from  the 
principle  of  selection,  and  further,  that  this  effect  persists,  or 
becomes  but  gradually  obliterated,  through  successive  genera- 
tions of  the  animals  when  feral,  or  restored  to  their  abori- 
ginal conditions  of  life.  Conversely,  it  has  now  to  be  shown 
that  instincts  of  wildness  may  be  acquired  by  the  hereditary 
transmission  of  novel  experiences,  also  without  the  aid  of 
selection.  This  is  shown  conclusively  by  the  original  tame- 
ness  of  animals  in  islands  unfrequented  by  man,,  gradually 
passing  into  an  hereditary  instinct  of  wildness  as  the  special 
experiences  of  man's  proclivities  accumulate;  for  although 
selection  may  here  play  a  subordinate  part^  it  must  be  a  very 
subordinate  one.  Pages  might  be  filled  with  facts  on  this 
head  from  the  writings  of  travellers,  but  to  economize  space 
I  cannot  do  better  than  refer  to  Mr.  Darwin's  remarks,  with 
their  appended  references  in  his  chapter  at  the  end  of  this 
volume.  To  these  remarks,  however,  I  may  add  that  the 
development  of  fire-arms,  together  with  the  growth  of  sporting 
interests,  has  given  game  of  all  kinds  an  instinctive  know- 
ledge of  what  constitutes  "  safe  distance,"  as  every  sportsman 
can  testify;  and  that  such  instinctive  adaptation  to  newly 
developing  conditions  may  take  place  without  much  aid 
from  selection  is  shown  by  the  short  time,  or  the  small 
number  of  generations,  which  is  sufficient  to  allow  for  the 
change — witness,  for  instance,  the  following,  which  I  quote 
from  the  paper  on  "Hereditary  Instinct"  by  the  careful 
observer,  Andrew  Knight : — "  I  have  witnessed,  within  the 
period  above  mentioned,  of  nearly  sixty  years,  a  very  great 
change  in  the  habits  of  the  Woodcock.  In  the  first  part  of 
that  time,  when  it  had  recently  arrived  in  the  autumn,  it  was 
very  tame;  it  usually  chuckled  when  disturbed,  and  took 
only  a  very  shoi-t  flight.  It  is  now,  and  has  been  during 
many  years,  comparatively  a  very  wild  bird,  which  generally 
rises  in  silence,  and  takes  a  comparatively  long  flight,  excited, 
I  conceive,  by  increased  hereditary  fear  of  man."* 

•  Phil.  Trani.,  1837,  p.  369. 
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But  the  force  or  influence  of  heredity  in  the  domain  of 
instinct  (whether  of  the  primary  or  secondary  class)  is  per- 
haps most  strongly  manifested  in  the  effects  of  crossing.  It 
is  not,  indeed,  easy  to  obtain  this  class  of  evidence  in  the 
case  of  wild  species,  because  hybrid  forms  in  a  state  of  nature 
are  rare.  But  when  a  wild  species  is  crossed  with  a  tame 
one,  it  usually  happens  that  the  hybrid  or  mongrel  progeny 
present  a  blended  psychology.  And  stiU  more  cogent  is  the 
evidence  of  such  blending  when  two  different  breeds  of 
domesticated  animals  are  crossed,  having  diverse  hereditary 
habits,  or  as  Mr.  Darwin  calls  them,  "domestic  instincts." 
Thus  a  cross-breod  between  a  setter  and  a  pointer  will  blend 
the  movements  and  habits  of  working  peculiar  to  these  two 
breeds;  Lord  Alford's  celebrated  strain  of  greyhounds  ac- 
quired much  courage  from  a  single  cross  with  a  bull-dog ;  * 
and  a  cross  with  a  beagle  "  generations  back  will  give  to  a 
spaniel  a  tendency  to  hunt  hare8."t 

Again,  Knight  says: — "In  one  instance  I  saw  a  very 
young  dog,  a  mixture  of  the  Springing  Spaniel  and  Setter, 
which  dropped  iipon  crossing  the  track  of  a  Partridge,  as  its 
male  parent  would  have  done,  and  sprang  the  bird  in  silence ; 
but  the  same^dog,  having  a  couple  of  hours  afterwards  found 
a  Woodcock,  gave  tongue  very  freely,  and  just  as  its  female 
parent  would  have  done.  Such  cross-bred  animals  are,  how- 
ever, usually  worthless,  and  the  experiments  and  observations 
I  have  made  upon  them  have  not  been  very  numerous  or 
interesting."       "^  ^ 

On  this  point  Mr.  Darwin  writes: — "These  domestic 
instincts,  when  thus  tested  by  crossing,  resemble  natural 
instincts,  which  in  like  manner  become  curiously  blended 
together,  and  for  a  long  time  exhibit  traces  of  the  instincts  of 
either  parent ;  for  example,  Le  Roy  describes  a  dog,  whose 
great-gi-andfather  was  a  woljf,  and  this  dog  showed  a  trace  of 
its  wHd  parentage  only  in  one  way,  by  not  coming  in  a 
straight  fine  to  his  master  when  called."J  Some'  further 
remarks  on  this  subject  will  be  found  in  Mr.  Darwin's 
appended  essay  on  instinct ;  and  here  I  may  fitly  conclude 
the  present  chapter  by  quoting  the  following  paragraph 
which  occurs  in  another  part  of  his  MSS. 

*  Tonatt  OH  Doff,  p.  811. 

t  Blaine,  Sural  Sport*,  p.  863,  quoted  by  Darwin. 

{  Origin  of  Spetit*,  p.  210. 
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"  In  Chapter  VII  I  have  given  some  facta  showing  that 
when  races  or  species  are  crossed  there  is  a  tendency  in  the 
crossed  offspring,  from  quite  unknown  causes,  to  revert  to 
ancestral  characters.  A  suspicion  has  crossed  me  that  a 
slight  tendency  to  primeval  wildness  sometimes  thus  appears 
in  crossed  animals.  Mr.  Garnett  in  a  letter  to  me  states  that 
his  hybrids  from  the  musk  and  common  duck  'evinced  a 
singular  tendency  to  wildness.'  Waterton  ('  Essays  on 
Natural  History,'  p.  197)  says  that  in  his  duck,  a  cross 
between  the  wild  and  the  tame,  'their  wariness  was  quite 
remarkable.'  Mr.  Hewitt,  who  has  bred  more  hybrids 
between  pheasants  and  fowls  than  any  other  man,  in  letters 
to  me  speaks  in  the  strongest  terms  of  their  wild,  bad,  and 
troublesome  dispositions ;  and  this  was  the  case  with  some 
which  I  have  seen.  Captain  Hutton  made  nearly  the  same 
remark  to  me  in  regard  to  the  crossed  offspring  from  a  tame 
goat  and  a  wild  species  from  the  western  Himalaya.  Lord 
Powis'  agent,  without  my  having  asked  him  the  question, 
remarked  to  me  that  the  crossed  animals  from  the  domestic 
Indian  Bull  and  common  cow  'were  more  wild  than  the 
thorough-bred  breed.'  I  do  not  suppose  that  this  increased 
wildness  is  invariable;  it  does  not  seem  to  be  the  case, 
according  to  Mr.  Eyton,  with  the  crossed  offspring  from  the 
common  and  Chinese  geese;  nor,  according  to  Mr.  Brent, 
with  crossed  breeds  from  the  Canary." 
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Instinct  (continued). 


Blended  Obigin,  ob  Plasticity  of  Instinct. 


From  the  foregoing  discussion  it  may,  I  think,  he  taken  as 
established : — 

1st.  That  propensities  or  habitual  actions  may  originate 
and  be  inherited  without  education  from  parents  or  other- 
wise, as  in  the  case  of  "  tricks  of  manner,"  peculiar  disposi- 
tions, tumbling  of  tumbler  pigeons,  &c. ;  in  such  cases  there 
need  be  no  intelligence  concerned  in  the  propensity  or  action, 
but  if  such  propensities  or  actions  occur  in  nature  (and,  as  we 
have  seen,  there  can  be  no  doubt  that  they  do),  those  which 
happen  to  be  of  benefit  to  the  animals  performing  them,  will 
be  fixed  and  improved  by  natural  selection ;  when  thus  fixed 
and  improved  they  constitute  what  I  have  called  instincts  of 
the  primary  class. 

2nd.  That  adjustments  originally  intelligent  may  by 
frequent  repetition  become  automatic,  both  in  the  individual 
and  in  the  race  ;  as  instances  of  such  "  lapsed  intelligence  " 
in  the  individual  I  have  given  the  highly  co-ordinated  and 
laboriously  acquired  actions  of  walking,  speaking,  and 
others;  as  instances  of  the  same  thing  in  the  race  I  have 
dwelt  on  the  hereditary  character  of  handwriting,  artistic 
talent,  &c.,  and  in  the  case  of  animals,  on  peculiar  habits — 
such  as  grinning  in  dogs,  begging  in  cats— being  transmitted 
to  progeny^  as  well  as  the  more  instructive  facts  with  regard 
to  the  loss  of  wildness  by  certain  domesticated  animals,  and 
the  gradual  acquisition  of  this  instinct  by  animals  inhabiting 
islands  previously  unfrequented  by  man.  All  these  and 
other  such  cases  have  been  chosen  as  illustrations,  because  in 
none  of  them  can  the  principle  of  selection  have  operated  in 
any  considerable  degree. 
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Although  for  the  sake  of  clearness  I  have  so  far  kept 
separate  these  two  factors  in  the  formation  of  instinct,  it  has 
now  to  be  shown  that  instincts  are  not  necessarily  confined 
to  one  or  other  of  these  two  modes  of  origin  exclusively  ;  but, 
on  the  contrary,  that  instincts  may  have,  as  it  were,  a  double 
root — the  principle  of  selection  combining  with  that  of 
lapsing  intelligence  to  the  foimation  of  a  joint  result.  Thus, 
hereditary  proclivities  or  habitual  actions,  which  were  never 
intelligent  but,  being  useful,  were  originally  fixed  by  natural 
selection,  may  come  to  furnish  material  for  further  improve- 
ment, or  be  put  to  improved  uses,  by  intelligence ;  and,  con- 
versely, adjustments  originally  due  to  lapsed  intelligence 
may  come  to  be  greatly  improved,  or  put  to  improved  uses, 
by  natural  selection. 

As  an  example  of  the  first  of  these  complementary  cases 
—or  that  of  a  primary  instinct  modified  and  improved  by 
intelligence — ^let  us  regard  the  case  of  the  caterpillar  which, 
before  changing  into  a  crysalis,  crosses  a  small  space  with  a 
web  of  silk  (to  which  the  crysalis  can  be  firmly  suspended), 
but  which  when  placed  in  a  box  covered  with  a  muslin  lid 
perceives  that  this  preparatory  web  is  unnecessary,  and 
therefore  attaches  its  ciysalis  to  the  already  woven  surface 
supplied  by  the  muslin  ;*  or  let  us  regard  the  case  of  the 
bird  doscribed  by  Knight,  which  observed  that,  having  placed 
her  nest  upon  a  forcing  house,  she  did  not  require  to  visit  it 
during  the  day  when  the  heat  of  the  house  was  sufficient  to 
incubate  the  eggs,  but  always  returned  to  sit  upon  the  eggs 
at  night  when  the  temperature  of  the  house  fell.f  In 
both  these  cases  of  primary  instincts  modified  by  intelligent 
adaptation  to  particular  circumstances — and  hundreds  of 
others  might  be  added — it  is  evident  that  if  the  particular 
circumstances  were  to  become  general,  the  adaptation  to  them, 
becoming  likewise  general,  would  in  time  become  instinctive 
by  lapsed  intelligence:  if  muslin  and  forcing  houses 
were  to  become  normal  additions  to  the  environment  of 
the  caterpillar  or  the  bird,  the  former  would  now  cease  to 
build  its  web,  and  the  latter  cease  to  incubate  her  eggs  by 

*  See  Kirby  and  Spence,  Entomology,  vol.  ii,  p.  476.  It  is  evident  that 
the  weaving  of  a  web  bj  a  caterpillar  adapted  to  the  needs  of  its  future  con* 
dition  as  a  i-nrsalis,  must  be  due  to  instinct  of  the  primary  kind,  inasmuch  as 
no  individual  caterpillar  prior  to  the  formation  of  such  a  structure  can  have 
known  by  experience  what  it  is  to  be  a  crysalis. 

t  Loo.  oit. 
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day ;  in  each  case  a  secondary  instinct  would  become  blended 
with  a  previously  existing  primary  one,  so  producing  a  new 
instinct  with  a  double  root  or  origin. 

Conversely,  as  an  example  of  a  primary  instinct  becoming 
similarly  blended  with  a  previously  existing  secondary,  let 
us  take  the  following : — 

The  grouse  of  North  America  display  the  curious  instinct 
of  burrowing  a  tunnel  just  below  the  surface  of  the  snow.  In 
the  end  of  this  tunnel  they  sleep  securely ;  for,  when  any 
four-footed  enemy  approaches  the  mouth  of  the  tunnel,  the 
bird,  in  order  to  escape,  has  only  to  fly  up  through  the  thin 
covering  of  snow.  Now  in  this  case  the  grouse  probably 
began  to  burrow  for  the  sake  of  protection,  or  concealment, 
or  both ;  and,  if  so,  thus  far  the  burrowing  was  probably  an 
act  of  intelligence.  But  the  longer  the  tunnel  the  better 
would  it  have  served  the  purposes  of  escape,  and  therefore 
natural  selection  would  almost  certainly  have  tended  to 
preserve  the  birds  which  made  the  longest  tunnels,  until  the 
utmost  benefit  that  length  of  tunnel  could  give  had  been 
attained.* 

Thus  then  we  see  that  in  the  formation  of  instincts  there 
are  two  great  principles  in  action,  which  may  operate  either 
singly  or  in  combination ;  these  two  principles  being  the 
lapsing  of  intelligence  and  the  agency  of  natural  selection. 
In  the  previous  chapter  we  were  engaged  in  considering 
instincts  which  are  due  to  either  one  or  other  of  these  prin- 
ciples alone ;  in  the  present  chapter  we  shall  consider 
instincts  which  are  due  to  the  joint  operation  of  both  prin- 
ciples. 

Now  it  is  clear  at  a  glance  that  if  even  in  fully  formed 
instincts  we  often  find,  as  in  the  above  examples,  a  "  little 
dose  of  judgment,"  it  becomes  difficult  to  estimate  the  im- 
portance, either  of  this  little  dose  of  judgment  becomia^T 
habitual  by  repetition,  and  so  improving  the  previous  instinct, 
or  ot  its  becoming  mixed  with  the  influence  of  natural  selec- 
tion. For,  taking  the  latter  case  alone,  if,  as  we  have  seen, 
intelligent  actions  may  by  repetition  become  automatic 
(secondary  instincts),  and  if  they  may  then  vary  and  have 
their  variations  fixed  in  beneficial  lines  by  natural  selection, 
how  much  more  scope  may  be  given  to  natural  selection  in 


*  The  het»  ot  tUs  case  have  been  told  me  by  Dr.  Bae,  F.R.8. 
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this  further  development  of  an  instinct,  if  the  variations  of 
the  instinct  are  not  wholly  fortuitous,  but  arise  as  intelligent 
adaptations  of  ancestral  experience  to  the  perceived  require- 
ments of  individual  experience. 

Trusting  then  it  is  sufficiently  clear  that  the  two  princi- 
ples which  may  operate  either  singly  or  together  in  formmg 
instincts,  may  operate  together  whichever  of  the  two  may 
happen  to  have,  in  any  particular  case,  the  historical  priority, 
I  may  in  future  neglect  to  entertain  the  question  of  such 
priority ;  without  considering  whether  in  this  and  that  case 
selection  was  prior  to  lapsing  of  intelligence,  or  lapsing  of 
intelligence  was  prior  to  selection,  it  will  be  enough  to  prove 
that  the  two  principles  are  conjoined. 

To  prove  this  we  have  to  show,  much  more  copiously 
than  has  been  done  in  the  above  two  or  three  illustrations, 
not  only,  as  was  proved  in  the  previous  chapter,  that  fully 
formed  instincts  may  vary,  but  further  that  their  variation 
may  be  determined  by  intelligence. 


Plasticity  of  Instinct. 

In  former  publications  I  have  used  this  term  to  express 
the  modifiubility  of  instinct  und^r  the  influence  of  intelligence. 
I  shall  now  give  some  chosen  instances  of  such  modifiability, 
and  then  proceed  to  indicate  the  causes  which  most  fre- 
quently lead  to  intelligence  thus  acting  upon  instinct.  It  is 
of  importance  that  I  should  begin  by  rendering  the  fact  of 
the  plasticity  of  instinct  beyond  question,  not  only  because 
it  is  still  too  much  the  prevalent  notion  that  instincts  are  un- 
alterably fixed,  or  rigidly  opposed  to  intelligent  alteration 
under  changed  conditions  of  life ;  but  also  because  it  is  this 
principle  of  plasticity  that  largely  supplies  to  natural  selec- 
tion those  variations  of  instinct  in  beneficial  lines,  which  are 
necessaiy  t/)  the  formation  of  new  instincts  of  a  primo- 
secondary  kind. 

Huber  observes :  "  How  ductile  is  the  instinct  of  bees, 
and  how  readily  it  adapts  itself  to  the  place,  the  circum- 
stances, and  the  needs  of  the  community." 

If  this  may  be  said  of  the  animals  in  which  instinct  has 
attained  its  highest  perfection  and  complexity,  even  without 
evidence  we  might  be  prepared  to  expect  that  instinct  is 
everywhere  ductile.     Moreover  the  bees  constitute  a  good 
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class  to  choose  for  our  present  puipose,  because,  as  I  have 
shown  in  "  Animal  Intelligence,"  their  wonderful  instinct  of 
making  hexagonal  cells  can  only  be  regarded  as  an  instinct 
of  the  primary  kind ;  yet,  as  we  shall  see,  though  so  well 
fixed  an  instinct  of  the  primary  kind,  it  may  be  greatly 
modified  by  an  intelligent  appreciation  of  novel  circum- 
stances. 

Kirby  and  Spence,  detailing  the  observations  of  Huber, 
write  as  follows : — 

"  A  comb,  not  having  been  originally  well  fastened  to  the 
top  of  his  glass  hive,  fell  down  during  the  winter  amongst 
the  other  combs,  preserving,  however,  its  paralleUsm  with 
them.  The  bees  could  not  fill  up  the  space  between  its  upper 
edge  and  the  top  of  the  hive,  because  they  never  construct 
combs  of  old  wax,  and  they  had  not  then  an  opportunity  of 
procuring  new ;  at  a  mora  favourable  season  they  would  not 
have  hesitated  to  build  a  new  comb  upon  the  old  one ;  but  it 
being  inexpedient  at  that  period  to  expend  their  provision  of 
honey  in  the  elaboration  of  wax,  they  provided  for  the 
stability  of  the  fallen  comb  by  another  process.  They 
furnished  themselves  with  wax  from  the  other  combs  by 
gnawing  away  the  rims  of  the  cells  more  elongated  than  the 
rest,  and  then  betook  themselves  in  crowds,  some  upon  the 
edges  of  the  fallen  comb,  others  between  its  sides  and  those 
of  the  adjoining  combs,  and  there  securely  fixed  it  by  con- 
structing several  ties  of  difterent  shapes  between  it  and  the 
glass  of  the  hive ;  some  were  pillars,  some  buttresses,  and 
others  beams  artfully  disposed  and  adapted  to  the  localities 
of  the  surfaces  joine:',  Nor  did  they  content  themselves 
with  repairing  the  accidents  which  their  masonry  had  ex- 
perienced ;  they  provided  against  those  which  might  happen, 
and  appeared  to  profit  by  the  warning  given  by  the  fall  of  one 
of  the  combs  to  consolidate  the  others  and  prevent  a  second 
accident  of  the  same  nature. 

*'  These  last  had  not  been  displaced,  and  appeared  solidly 
attached  by  their  base  :  whence  Huber  was  not  a  little  sur- 
prised to  see  the  bees  strengthen  their  principal  points  of 
connexion  by  making  them  much  thicker  than  before  with 
old  wax,  and  forming  numerous  ties  and  braces  to  unite  them 
more  closely  to  each  other  and  to  the  walls  of  their  habita- 
tion. What  was  still  more  extraordinary,  all  this  happened 
in  the  middle  of  January,  at  a  period  when  the  bees  ordinarily 
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cluster  at  the  top  of  the  hive,  and  do  not  engage  in  labours  of 

this  kind 

"  Having  placed  in  front  of  a  comb  which  the  bees  were 
constructing  a  slip  of  glass,  they  seemed  immediately  aware 
that  it  would  be  very  difficult  to  attach  it  to  so  slippery  a 
surface,  and,  instead  of  continuing  the  comb  in  a  straight 
line,  they  bent  it  at  a  right  aTigle,  so  as  to  extend  beyond  the 
slip  of  glass,  and  ultimately  fixed  it  to  an  adjoining  part  of 
the  woodwork  of  the  hive  which  the  glass  did  not  cover. 
This  deviation,  if  the  comb  had  been  a  mere  simple  and 
uniform  mass  of  wax,  would  have  evinced  no  small  ingenuity ; 
but  you  will  bear  in  mind  that  a  comb  consists  on  each  side 
or  face  of  cells  having  between  them  bottoms  in  common ; 
and  if  you  take  a  comb,  and,  having  softened  the  wax  by 
heat,  endeavour  to  bend  it  in  any  part  at  a  right  angle,  you 
will  then  comprehend  the  difficulties  which  our  little  archi- 
tects had  to  encounter.     The  resources  of  their  instinct, 
however,  were  adequate  to  the  emergency.    They  made  the 
cells  on  the  convex  side  of  the  bent  part  of  the  comb  much 
larger,  and  those  on  the  concave  much  smaller  than  usual ; 
the  former  having  three  or  four  times  the  diameter  of  the 
latter.     But  this  was  not  all.    As  the  bottom  of  the  small 
and  large  cells  were  as  usual  common  to  both,  the  cells  were 
not  regular  prisms,  but  the  smaller  ones  considerably  wider  at 
the  bottom  than  at  the  top,  and  conversely  in  the  larger 
ones  1     What  conception  can  we  form  of  so  wonderful  a 
flexibility  of  instinct  ?    How,  as  Huber  asks,  can  we  com- 
prehend the  mode  in  which  such  a  crowd  of  labourers, 
occupied  at  the  same  time  on  the  edge  of  a  comb,  could  agree 
to  give  it  the  same  curvature  from  one  extremity  to  the  other ; 
or  how  they  could  arrange  together  to  construct  on  one  face 
cells  so  small,  while  on  the  other  they  imparted  to  them 
such  enlarged  dimensions  ?    And  how  can  we  feel  adequate 
astonishment  that  they  should  have  the  art  of  making  cells 
of  such  different  sizes  correspond  ? "  * 

Other  observations  of  Huber  show  that  even  under  ordi- 
nary circumstances  bees  are  frequently  in  the  habit  of 
altering  the  construction  of  their  cells.  Thus,  for  instance, 
the  cells  which  are  destined  to  receive  drones  requiring  to  be 
considerably  larger  than  those  which  are  destined  to  receive 
neuters,  and  the  rows  of  all  the  cells  being  continuous,  where 

*  £irby  and  Spenoe,  loo.  oit.,  pp.  486-485. 
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a  transition  takes  place  from  one  class  of  cell  to  the  other,  a 
complex  geometrical  problem  arises  how  to  unite  hexagonal 
cells  of  a  small  with  others  of  a  large  diameter,  without 
leaving  any  void  spaces  or  interfering  with  the  regularity  of 
the  comb.  Without  occupying  space  with  what  would 
necessarily  be  a  rather  lengthy  exposition  of  the  manner  in 
which  the  bees  solve  the  problem,  it  is  enough  to  say  that 
in  passing  from  one  form  of  cell  to  the  other,  they  require  to 
construct  a  great  many  rows  of  intermediate  cells  which 
diflfer  in  form,  Dot  only  from  the  ordinary  cells,  but  from  each 
other.  When  the  bees  arrive  at  any  stage  in  this  process  of 
transition,  they  might  stop  at  that  stage  and  continue  to  build 
the  whole  of  their  comb  upon  this  pattern.  But  they  inva- 
riably proceed  from  one  stege  to  another  until  the  transition 
from  small  hexagons  to  large  hexagons,  or  vice  versd,  is 
effected.  On  this  subject  Kirby  rind  Spence  remark : 
"  E^aumer,  Bonnet,  and  other  naturalists  cite  these  irregu- 
larities as  so  many  examples  of  imperfections.  What  would 
have  been  their  astonishment  if  they  had  been  aware  that 
part  of  these  anomalies  had  been  calculated  (?  adaptive) ; 
that  there  exists  as  it  were  a  moveable  harmony  in  the 
mechanism  b/  which  the  cells  are  composed !  ...  It  is 
far  more  astcnishing  that  they  know  how  to  quit  their 
ordinary  rou<^lne  when  circumstances  require  that  they  should 
build  male  cells :  that  they  should  be  instructed  to  vary  the 
dimensions  and  the  shape  of  each  piece  so  as  to  return  to  a 
regular  order ;  and  that,  after  having  constructed  thirty  or 
forty  ranges  of  male  cells,  they  again  leave  the  regular  order 
in  which  they  were  formed,  and  arrive  by  successive  diminu- 
tions at  the  point  from  which  they  set  out  ....  Here 
again,  as  observed  in  a  former  instance,  the  wonder  would  be 
less  if  every  comb  contained  a  certain  number  of  transition 
and  of  male  cells,  constantly  situated  in  one  and  the  same 
part  of  it ;  but  this  is  far  from  being  the  case.  The  event 
which  alone,  at  whatever  period  it  may  happen,  seems  to 
determine  the  bees  to  construct  male  cells,  is  the  oviposition 
of  the  queen.  So  long  as  she  continues  to  lay  the  eggs  of 
workers,  not  a  male  cell  is  provided ;  but  as  soon  as  she  is 
about  to  lay  male  eggs,  the  workers  seem  aware  of  it,  and 
you  then  see  them  form  their  cells  irregularly." 

Here,  then,  we  have  concerted  variation  in  the  mode  of 
constructing  the  cells  of  a  normal  and  definite  kind,  and  we 
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find  that  in  this  case  the  variation  is  determined  by  an  event 
(the  oviposition  of  male  eggs)  which  we  may  suppose  all  the 
bees  simultaneously  to  perceive.  But  in  the  present  connec- 
tion the  important  thing  to  note  is  that  during  even  the 
ordinary  work  of  bees  occasion  frequently  arises  to  modify 
the  construction  of  their  cells,  so  that  the  instincts  of  the 
animal  are  not,  as  it  were,  rigidly  set  to  the  undeviating 
formation  of  the  ordinary  cell ;  there  is  a  "  moving  harmony  " 
in  the  operation  of  the  instinct  which  secures  plasticity  in 
the  formation  of  the  comb,  so  that  when  occasion  arises  the 
"  moving  harmony  "  as  it  were,  changes  its  key ;  and  it  does 
so  in  obedience  to  an  intelligent  perception  of  the  exigencies 
of  the  occasion. 

The  same  thing  is  shown  in  a  higher  degree  by  some  other 
experiments  of  Huber,  which  consisted  in  making  the  bees 
deviate  from  their  normal  mode  of  building  their  combs  from 
above  downwards,  to  building  them  from  below  upwards,  and 
also  horizontally.  Without  describing  these  experiments  in 
detail,  it  is  enough  to  say  that  his  contrivances  were  such 
that  the  bees  had  either  to  build  in  these  abnormal  directions 
or  not  to  build  at  all ;  and  the  fact  that  under  such  circum- 
stances they  built  in  directions  which  none  of  their  ancestors 
or  none  of  themselves  had  ever  built  before,  is  good  evidence 
of  a  primary  instinct  being  greatly  modified  by  intelligence — 
better  evidence,  be  it  observed,  of  modification  than  that 
which  is  furnished  by  the  previously  cited  cases,  inasmuch  as 
bees  often  require  in  a  state  of  nature  to  change  the  shape  of 
their  cells,  but  cannot  ever  have  required  to  reverse  the 
direction  of  building  them. 

The  same  remarks  apply  to  the  following  observations, 
which  are  also  due  to  Huber.  A  very  irregular  piece  of 
comb,  when  placed  on  a  smooth  table,  tottered  so  much  that 
the  humble  bees  could  not  work  on  so  unsteady  a  basis.  To 
prevent  the  tottering,  two  or  three  bees  held  the  comb  by 
fixing  their  front  feet  on  the  table,  and  their  hind  feet  on  the 
comb.  This  they  continued  to  do,  relieving  guard,  for  three 
days,  until  they  had  built  supporting  pillars  of  wax.  "  Now," 
as  Mr.  Darwin  observes  in  his  MSS,  "  such  an  accident  as 
this  could  hardly  have  occurred  in  nature." 

Some  other  humble  bees  when  shut  up,  and  so  prevented 
from  getting  moss  wherewith  to  cover  their  nests,  tore  threads 
from  a  piece  of  Cloth,  and  "  carded  them  with  their  feet  into 
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a  fretted  mass,"  which  they  used  as  moss.  Again,  Andrew 
Knight  observed  that  his  bees  availed  themselves  of  a  kind 
of  cement  made  of  wax  and  turpentine,  with  which  he  had 
covered  decorticated  trees — using  this  material  instead  of 
their  own  propolis,  the  manufacture  of  which  they  discon- 
tinued ;*  and  more  recently  it  has  been  observed  that  bees, 
"  instead  of  searching  for  pollen,  will  gladly  avail  themselves 
of  a  very  different  substance,  namely,  oatmeal."  t 

Again,  Osmia  aurulenta  and  0.  hicolor  are  species  of  bees 
which  construct  tunnels  in  hard  banks  of  earth  or  clay,  in 
which  they  afterwards  deposit  their  eggs — one  in  each  parti- 
tioned cell.  But  when  they  find  tunnels  ready-made  (as  in 
the  straws  of  a  thatched  roof)  they  save  themselves  the 
trouble  of  employing  their  instincts  in  the  way  of  tunnel- 
making — merely  building  transverse  partitions  in  the  tube  to 
form  a  series  of  separate  cells.  It  is  specially  remarkable 
that  when  they  thus  utilize  the  whorl  of  an  empty  snail-shell, 
the  number  of  cells  which  they  partition  off  is  regulated  by 
the  size  of  the  shell,  or  the  length  of  the  whorl.  Moreover, 
if  the  whorl  proves  too  wide  near  the  orifice  of  the  shell  for 
its  walls  to  constitute  the  boundaries  of  a  single  cell,  the  bee 
will  build  a  partition  at  right  angles  to  the  plane  of  the 
others,  so  forming  a  double  cell,  or  two  cells  side  by  side.J 

Now,  in  all  these  cases  it  is  evident  that  if,  from  any 
change  of  environment,  such  accidental  conditions  were  to 
occur  ordinarily  in  a  state  of  nature,  the  bees  would  be  ready 

•  Phil,  Trans.,  loo.  cit. 

t  Origin  of  Species,  p.  228.  It  is  interesting  in  connection  with  these 
facts  to  note  how  singularly  well  they  happen  to  meet  a  criticism  of  Kirby 
and  Spence,  which  was  adranced  before  they  had  been  observed,  with  the 
object  of  discrediting  the  view  of  instinct  being  modified  by  intelligence. 
These  authors  ask  {loc.  cit.,  vol.  ii,  p.  497),  why,  if  such  were  the  case,  should 
not  bees  sometimes  be  found  to  use  mud  or  mortar  instead  of  precious  wax  or 
propolis :  "  Show  us,"  they  say,  "  but  one  instance  of  their  having  substituted 
mud  for  propolis  ....  and  there  could  be  no  doubt  of  their  having 
been  guiaed  by  reason."  It  is  curious  that  this  demand  should  so  soon  have 
been  met  by  so  apposite  an  observation.  Doubtless  mud  is  not  so  good  a 
material  for  the  purposes  required  as  propolis,  but  as  soon  as  the  bees  are 
furnished  with  a  substance  that  is  as  good,  they  are  ready  enough  to  prove 
their  '  reason,"  even  to  the  satisfaction  of  what  was  supposed,  i  priori,  a 
crucial  test.  This  case  should  serve  as  a  warning  against  the  use  of  the  ques- 
tion-begging argument,  which  where  any  degree  of  evidence  is  presented  of 
intelligence  compounded  with  instinct,  forthwith  raises  the  standard  and  savs 
— Show  us  an  animal  doing  this  or  that,  which  would  be  still  more  remark- 
able, and  then  wo  shall  be  satisfied. 

X  See  F.  Smith,  Catol.  Brit.  Hjftnenoptera,  pp.  169-60. 
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to  meet  them  by  intelligent  adjustment,  which,  If  continued 
sufficiently  long  and  aided  by  selection,  would  pass  into  trae 
instincts  of  building  combs  in  new  directions,  of  support- 
ing combs  during  their  construction,  of  carding  threads  of 
cloth,  of  substituting  cement  for  propolis,  or  oatmeal  for 
pollen. 

Were  it  necessary,  other  instances  of  the  plasticity  of 
instinct  could  be  drawn  from  bees  and  likewise  from  ants,* 
but  quitting  now  the  Hymenoptera,  I  shall  pass  to  other 
animals. 

Dr.  Leech  gives,t  on  the  authority  of  Sir  J.  Banks,  a  case 
of  a  web-spinning  spider  which  had  lost  five  of  its  legs,  and, 
as  a  consequence,  could  only  spin  very  imperfectly.  It  was 
observed  to  adopt  the  habits  of  the  hunting  spider,  which 
does  not  build  a  web,  but  catches  its  prey  by  stalking.  This 
change  of  habit,  however,  was  only  temporary,  as  the  spider 
recovered  its  legs  after  moulting.  But  it  seems  evident  from 
this  case  that,  so  far  as  the  plasticity  of  instinct  is  concerned, 
the  web-spinning  spider  would  be  ready  at  any  time  to  adopt 
the  habit  of  hunting,  if  for  any  reason  it  should  not  be  able 
to  build  a  web — and  this  even  by  way  of  sudden  transition 
in  the  life-time  of  an  individual. 

Coming  now  to  vertebrated  animals,  we  may  easily  find 
that  the  same  principles  obtain  in  them.  And  here,  for  the 
sake  of  brevity,  I  shall  confine  myself  to  instantjes  drawn 
from  the  oldest,  most  constant,  and,  therefore,  presumably  the 
most  fixed  of  the  instincts  which  vertebrated  animals  display, 
viz.,  the  maternal. 

With  regard  to  Birds,  I  showed  in  the  preceding  chapter 
that  individual  variations  of  nest-building  are  not  uncommon. 
We  have  now  to  remark  that  such  variations,  or  deviations 
from  the  ancestral  modes,  are  not  always  the  result  of  mere 
caprice,  but  sometimes  of  intelligent  purpose.    In  order  to 

♦  See  Animal  InttJligence,  from  which  I  may  specially  quote  the  follow- 
ing, in  order  to  show  briefly  that  ants  quite  as  much  as,  or  more  than  bees, 
present  a  "  moving  harmony  "  in  the  construction  of  their  architecture  ;— 
"  The  charaAteristic  trait  of  the  ^'uilding  of  ants,"  says  Forel,  "  is  the  almost 
complete  absence  of  an  unchanueable  model  peculiar  to  each  species,  such  ai 
is  found  in  wasps,  bees,  and  others.  The  ants  know  how  to  suit  their  indeed 
little  perfect  work  to  circumstances,  and  to  take  advantage  of  each  situation. 
Besides,  each  works  for  itself  on  a  given  plan,  and  is  only  occasionally  aided 
by  others  when  they  understand  its  plan'   (p.  129). 

t  Trannactiont  Linn,  Soc,,  vol.  xi,  p.  393.  This  case  is  briefly  alluded  to 
by  Mr.  Darwin  in  the  Appendix. 

0 


n 


.  i 


210 


MENTAL  EVOLUTION  IN  ANIMALS. 


I 


I 


I    • 

t       ! 

1    I 


I     . 


show  this,  it  will  be  sufficient  to  state  the  following  in- 
stances. 

Thread  and  worsted  are  now  habitually  used  by  sundry 
species  of  birds  in  building  their  nests,  instead  of  wool  and 
horsehair,  which  in  turn  were  no  doubt  originally  substitutes 
for  vegetable  fibres  and  grasses  ;  this  is  speciaUy  noticeable 
in  the  case  of  the  tailor-bird  and  Baltimore  oriole,  and 
Wilson  believes  that  the  latter  improves  in  nest-building  by 
practice — the  older  birds  making  the  better  nests.  The  com- 
mon house-sparrow  furnishes  another  instance  of  intelligent 
adaptation  of  nest-building  to  circumstances ;  for  in  trees  it 
builds  a  domed  nest  (presumably,  therefore,  the  ancestral 
type),  but  in  towns  avails  itself  by  preference  of  sheltered 
holes  in  buildings,  where  it  can  afford  to  save  time  and 
trouble  by  constructing  a  loosely  formed  nest.  A  similar 
case  is  furnished  by  the  gold-crested  warbler,  which  builds 
an  open  cup-shaped  nest  where  foliage  is  thick,  but  makes  a 
more  elaborate  domed  nest  with  a  side  entrance,  where  the 
site  chosen  is  more  exposed.  Moreover,  the  chimney  and 
house-swallows  have  taken  to  buUding  in  chimneys  and 
under  the  roofs  of  houses  by  way  of  an  intelligent  or  plastic 
change  of  instinct,  and  in  America  this  change  has  taken 
place  within  the  last  three  centuries  or  less.  Indeed,  accord- 
ing to  Captain  Elliott  Coues,  all  the  species  of  swallow  on 
the  American  continent  (with  one  possible  exception)  have 
modified  the  structure  of  their  nests  in  accordance  with  the 
novel  facilities  afibrded  by  the  settlement  of  the  country ;  for 
he  writes : — 

"  Various  species,  indeed,  now  regularly  accept  the  arti- 
ficial nesting-places  man  provides,  whether  by  design  or 
otherwise.  Such  is  notably  the  case  with  several  kinds  of 
Wrens,  with  at  least  one  kind  of  Owl,  with  one  Bluebird,  the 
Pewit  Flycatcher,  and  especially  the  House-spaiTOw.  Various 
other  birds  occasionally  avail  themselves  of  like  privileges, 
still  retaining  in  the  main  their  original  habits.  But  in  no 
other  case  than  that  of  the  Swallows  is  the  modification  of 
habit  so  profound,  or  so  nearly  without  exception  throughout 
the  entire  family.  .  .  .  AH  of  our  Swallows  have  been 
modified  by  human  agency,  excepting  the  Bank  Swallow. 
.  .  .  .  Some  of  them,  like  the  Purple  Martin  and  the 
Violet-green  Swallow,  are  still  surviving  their  apprenticeship 
under  the  new  rSgime,  which  the  settlement  of  the  country 
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has  brought  about.  .  .  .  Those  whose  acquired  habits 
have  become  thoroughly  ingrained  are  now  pretty  constant  in 
their  adherence  to  a  single  plan  of  architecture ;  but  the 
Violet-green  Swallow,  for  instance,  at  present  nests  in  a  very 
loose  fashion,  according  to  circumstances."  * 

The  statement  made  in  1870  by  the  distinguished 
naturalist  Pouchet  to  the  effect  that  within  the  same  interval 
of  half  a  century  the  house-swallow  had  materially  altered  its 
mode  of  nest-building  at  Eouen,t  was  subsequently  shown  by 
M.  Noulet  to  be  erroneous  ;i  but  this  passage  which  I  have 
quoted  from  Captain  Elliott  Goues  is  sufficient  to  show  that 
facts  analogous  to  those  stated  by  M.  Pouchet  have  occurred 
among  many  species  of  the  swallow  tribe. 

In  "  Animal  Intelligence "  I  gave  some  cases  of  the 
remarkable  intelligence  which  is  displayed  by  certain  birds 
when  they  remove  their  eggs  or  their  young  from  places 
where  they  have  been  disturbed  (pp.  288-9),  and  I  added  the 
remark  that  it  is  easy  to  see  that  if  any  particular  bird  is  in- 
telligent enough,  as  in  the  cases  quoted,  to  perform  this 
adjustive  action  of  conveying  young — ^whether  to  feeding- 
grounds,  as  in  the  case  of  the  hen,  or  from  sources  of  danger, 
as  in  the  case  of  partridges,  blackbirds,  and  goat-suckers — 
inheritance  and  natural  selection  might  develop  the  originally 
intelligent  adjustment  into  an  instinct  common  to  the  species. 
And  it  so  happens  that  this  has  actually  occurred  in  at  least 
two  species  of  birds — viz.,  the  woodcock  and  wild  duck,  both 
of  which  have  been  repeatedly  observed  to  fly  with  their 
young  to  and  from  their  feeding-ground. 

Since  writing  the  above,  I  have  found  among  Mr.  Darwin's 
MSS  a  letter  from  Mr.  Haust,  dated  New  Zealand,  December 
9th,  1862,  and  stating  that  the  "  Paradise  Duck,"  which 
naturally  or  usually  builds  its  nest  along  the  rivers  on  the 
ground,  has  been  observed  by  him  on  the  east  of  the  island, 
when  disturbed  in  their  nests  upon  the  ground,  to  build  ''  new 
ones  on  the  tops  of  high  trees,  afterwards  bringing  their  young 
ones  down  on  their  backs  to  the  water,"  and  exactly  the 
same  thing  has  been  observed  of  the  wild  ducks  of  Guiana.  § 
Now,  if  intelligent  adjustment  to  peculiar  circumstances  is 

*  Birds  of  Colorado  Valley,  pp.  292-4.      f  Comptea  Sendut,  Ixx,  p.  492. 
X  Ibid.,  Ixxi,  p.  7H.     In  the  first  edition  of  Animal  InteUigence  I  quoted 
this  statement  of  Pouchet  without  knowing  that  it  had  been  questioned. 
§  2)ee  Oeol.  Joum.,  vol.  iv,  p.  326. 
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thus  adequate,  not  only  to  make  a  bird  transport  her  young 
upon  her  back,  or,  as  in  the  case  of  the  woodcock,  between 
her  legs,  but  even  to  make  a  web-footed  water-fowl  build 
her  nest  on  a  high  tree,  I  think  we  can  have  no  doubt  that, 
if  the  need  of  such  adjustment  were  of  sufficiently  long 
continuance,  the  inteUigence  which  leads  to  it  would  eventu- 
ally produce  a  remarkable  modification  in  the  ancestral 
instinct  of  nest-building. 

Lastly,  "  a  curious  example  of  a  recent  change  of  habits 
has  occurred  in  Jamaica.  Previous  to  1854,  the  palm  swift 
(Tach&rnis  phcenicobea)  inhabited  exclusively  the  palm  trees 
in  a  few  districts  of  the  island.  A  colony  then  established 
themselves  in  two  cocoa-nut  palms  in  Spanish  Town,  and 
remained  there  till  1857,  when  one  tree  was  blown  down,  and 
the  other  stripped  of  its  foliage.  Instead  of  now  seeking  out 
other  palm  trees,  the  swifts  drove  out  the  swallows  who  built 
in  the  piazza  of  the  House  of  Assembly,  and  took  possession 
of  it,  building  their  nests  on  the  tops  of  the  end  walls  and  at 
the  angles  formed  by  the  beams  and  joists,  a  place  which 
they  continue  to  occupy  in  considerable  numbers.  It  is  re- 
marked that  here  they  form  their  nests  with  much  less 
elaboration  than  when  built  in  the  palms,  probably  from  being 
less  exposed."* 

Turning  now  from  the  instinct  of  nidification  to  that  of 
incubation,  I  shall  give  the  results  of  some  observations  and 
experiments  which  I  made  several  years  ago  and  published  in 
"  Nature,"  from  which  I  quote  the  account.  In  these  cases 
the  plasticity  of  the  maternal  instinct  was  shown  by  the  fact 
that  the  instinct  was  directed  in  all  its  force  to  the  young  of 
other  animals,  although  there  is  ample  evidence  to  prove  that 
the  foster-mothers  perceived  the  unnatural  character  of  their 
brood.  Indeed,  it  is  just  because  of  this  evidence  that  I 
quote  these  cases  in  the  present  connection,  for  otherwise  they 
might  rather  be  taken  to  exemplify  non-intelligent  variations 
of  instinct  with  which  we  were  concerned  in  the  last  chapter. 
But  inasmuch  as  the  intelligence  of  the  animals  was  displayed 
by  the  manner  in  which  they  adapted  their  ancestral  instincts 
to  the  requirements  of  their  adopted  progeny,  the  cases  become 
available  rather  as  proof  of  the  intelligent  variation  of  instinctf 

*  Wallace,  Natural  Selection,  Chapter  YI,  where  see  for  some  of  the  pre- 
cedins;  and  also  for  other  instances. 

f  The  yearning  for  progeny  which  arises  from  the  parental  instinct  being 
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"  Spanish  hens,  as  is  notorious,  scarcely  ever  sit  at  all ;  but 
I  have  one  purely  bred  one  just  now  that  sat  on  dummies  for 
three  days,  after  which  time  her  patience  became  exhausted. 
However,  she  seemed  to  think  that  the  self-sacrifice  she  had 
undergone  during  those  three  days  merited  some  reward,  for 
on  leaving  the  nest,  she  turned  foster-mother  to  all  the 
Spanish  chickens  in  the  yard.  They  were  sixteen  in  number, 
of  all  ages,  from  that  at  which  their  own  mothers  had  just 
left  them  up  to  full-grown  chickens.  It  is  remarkable,  too, 
that  although  there  were  Brahma  and  Hamburg  chickens  in 
the  yard,  the  Spanish  hen  only  adopted  those  of  her  own 
breed.  It  is  now  four  weeks  since  this  adoption  took  place, 
but  the  mother  as  yet  shows  no  signs  of  wishing  to  cast  off 
her  heterogeneous  brood,  notwithstanding  that  some  of  her 
adopted  chickens  have  grown  nearly  as  large  as  herself. 

"  The  following,  however,  is  a  better  example  of  what  may 
be  called  plasticity  of  instinct.  Three  years  ago  I  gave  a  pea- 
fowl's egg  to  a  Brahma  hen  to  hatch.  The  hen  was  an  old  one, 
and  had  previously  reared  many  broods  of  ordinary  chickens 
with  unusual  success  even  for  one  of  her  breed.  In  order  to 
hatch  the  pea-chick  she  had  to  sit  one  week  longer  than  is 
requisite  to  hatch  an  ordinary  chick,  but  in  this  there  is  nothing 
very  unusual,  for,  as  Mr.  Spalding  observes,  the  same  thing 
happens  with  every  hen  that  hatches  out  a  brood  of  ducklings.* 
The  object  with  which  I  made  this  experiment,  however,  was 
that  of  ascertaining  whether  the  period  of  maternal  care  sub- 
sequent to  incubation  admits,  under  peculiar  conditions,  of 

unsatisfied,  induces  even  such  an  intelligent  animal  as  man  to  adopt  progeny ; 
and  the  proverbial  passion  of  old  maids  for  keeping  cats,  dogs,  and  other 
domestic  animals,  is  probably  analogous  to  the  cases  given  in  the  text  of 
female  animals  adopting  the  young  of  other  species. 

In  this  connection  I  may  quote  the  following  account  which  I  have 
received  from  a  friend,  whom  I  know  to  be  an  accurate  and  conscientious 
observer ;  for  it  shows  that  even  among  birds  in  a  state  of  nature  the  yearn- 
ing for  progeny  may  induce  them  to  adopt  the  young  of  other  species,  just  as 
in  the  cases  of  birds  in  a  state  of  domestication  which  are  about  to  be  given 
in  the  text : — 

"  In  July,  1878, 1  found  a  wren's  nest  with  young  birds,  which  were  being 
fed  by  a  wren  and  a  sparrow.  I  made  sure  that  the  young  birds  were  wrens, 
and  I  noticed  that  the  sparrow  continued  to  feed  them  after  they  had  left  the 
nest.  The  behaviour  of  the  two  birds  was  very  dissimilar,  the  wren  being 
bold  and  its  visits  to  the  nest  incessant,  whereas  the  sparrow  was  very  shy  and 
its  visits  much  less  frequent." 

*  The  greatest  prolongation  of  the  incubatory  period  I  have  ever  known 
was  in  the  case  of  a  pea-hen,  which  sat  very  steadily  on  addled  eggs  for  a 
period  of  four  months,  aud  had  then  to  be  forced  off  in  order  to  save  hei-  life. 
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being  prolonged ;  for  a  pea-chick  requires  such  care  for  a 
very  much  longer  time  than  does  an  ordinary  chick.  As  the 
separation  between  a  hen  and  her  chickens  always  appears  to 
be  due  to  the  former  driving  away  the  latter  when  they  are 
old  enough  to  shift  for  themselves,  I  scarcely  expected  the 
hen  in  this  case  to  prolong  her  period  of  maternal  care,  and 
indeed  only  tried  the  experiment  because  I  thought  that  if 
she  did  so,  the  fact  would  be  the  best  one  imaginable  to  show 
in  what  a  high  degree  hereditary  instinct  may  be  modified  by 
peculiar  individual  experiences.  The  result  was  very  sur- 
prising. For  the  enormous  period  of  eighteen  months  this 
old  Brahma  hen  remained  with  her  ever-growing  chicken, 
and  throughout  the  whole  of  that  time  she  continued  to  pay 
it  unremitting  attention.  She  never  laid  any  eggs  during 
this  lengthened  period  of  maternal  supervision,  and  if  at  any 
time  she  became  accidentally  separated  from  her  charge,  the 
distress  of  both  mother  and  chicken  was  very  great.  Even- 
tually the  separation  seemed  to  take  place  on  the  side  of  the 
peacock ;  but  it  is  remarkable  that  although  the  mother  and 
chicken  eventually  separated,  they  never  afterwards  forgot 
each  other,  as  usually  appears  to  be  the  case  with  hens  and 
their  chickens.  So  long  as  they  remained  together,  the 
abnormal  degree  of  pride  which  the  mother  showed  in  her 
wonderful  chicken  was  most  ludicrous ;  but  I  have  no  space 
to  enter  into  details.  It  may  be  stated,  however,  that  both 
before  and  after  the  separation  the  mother  was  in  the  habit 
of  frequently  combing  out  the  top-knot  of  her  son — she 
standing  on  a  seat  or  other  eminence  of  suitable  height,  and 
he  bencUng  his  head  forward  with  evident  satisfaction.  This 
fact  is  peculiarly  noteworthy,  because  the  practice  of  combing 
out  the  top-knot  of  their  chickens  is  customary  among  pea- 
hens. In  conclusion,  I  may  observe  that  the  peacock  reared 
by  this  Brahma  hen  turned  out  a  finer  bird  in  every  way  than 
did  any  of  his  brothers  of  the  same  brood  which  were  reared 
by  their  own  mother,  but  that  on  repeating  the  experiment 
next  year  with  another  Brahma  hen  and  several  pea-chickens, 
the  result  was  different,  for  the  hen  deserted  her  family  at 
the  time  when  it  is  natural  for  ordinary  hens  to  do  so,  and  in 
consequence  all  the  pea-chickens  miserably  perished."* 

I  allude  to  the  following  instructive  case  from  Jesse's 
"  Gleariings,"t  because  it  has  been  independently  and  uncon- 

•  ITature,  Oot.  28, 1875.  f  VoL  i,  p.  98. 
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scioualy  corroborated  in  every  detail  by  a  correspondent, 
Mrs.  L.  MacFarlane,  of  Glasgow.  Indeed,  the  similarity  is  so 
precise,  that  I  think  the  two  descriptions  must  refer  to  the  same 
incident ;  but  as  to  this  I  cannot  be  sure,  because  upon  my 
writing  to  Mrs.  MacFarlane  to  enquire,  she  answers  that  she 
is  not  able  to  inform  me.  However,  this  point  is  immaterial, 
for  my  correspondent  had  the  story  at  first  hand  from  the 
lady  to  whom  the  birds  belonged  (and  with  whom  she  was 
intimately  acquainted),  so  that  if  the  case  is  not  the  same  as 
the  one  narrated  by  Jesse,  its  repetition  is  so  exact  that  the 
same  description  applies  to  both  the  cases. 

"  A  hen,  who  had  reared  three  broods  of  ducks  in  three 
successive  years,  became  habituated  to  their  taking  to  the 
water,  and  would  fly  to  a  large  stone  in  the  middle  of  the 
pond,  and  quietly  and  contentedly  watch  her  brood  as  they 
swam  about  it.  The  fourth  year  she  hatched  her  own  eggs, 
and  finding  that  her  chickens  did  not  take  t«  the  water  as 
the  ducklings  had  done,  she  flew  to  the  stone  in  the  pond,  and 
called  them  to  her  with  the  utmost  eagerness.  This  recoUec- 
tion  of  the  habits  of  her  former  charge  is  not  a  little  curious." 

My  correspondent,  Mrs.  MacFarlane,  also  gives  me  another 
closely  similar  but  even  more  remarkable  case,  which  was 
observed  by  her  sister.  Miss  Mackillar,  of  Tarbert,  Cantyre. 
In  this  case  a  hen  had  also  reared  three  successive  broods  of 
ducklings  in  successive  years,  and  then  hatched  out  a  brood  of 
nine  chickens.  The  season  being  late,  she  was  confined  for 
some  weeks  till  the  chickens  became  strong  enough  to  face 
the  cold  weather.  Then,  in  the  words  of  my  correspondent, 
"  the  first  day  she  was  let  out  she  disappeared,  and  after  a 
long  search  my  sister  found  her  beside  a  little  stream  which 
her  successive  broods  of  ducklings  had  been  in  the  habit  of 
frequenting.  She  had  got  four  of  her  chickens  into  the 
stream,  which  was  fortunately  very  shallow  at  the  time.  The 
other  five  were  standing  on  its  margin,  and  she  was  endea- 
vouring by  all  sorts  of  coaxing  hen-language,  and  hy  pushing 
each  cWcken  in  turn  with  her  bill,  to  get  them  into  the  water 
also." 

From  these  cases  it  is  evident  that  in  a  portion  of  the 
lifetime  of  an  individual  hen  there  may  be  laid,  by  intelli- 
gent observation  and  memory,  the  basis  of  a  new  instinct, 
adapted  to  an  immense  and  sudden  change  in  the  habits  of 
progeny :  and  that  in  all  the  foregoing  cases  the  foster-mother 


216 


MENTAL  EVOLUTION   IN   ANLMALS. 


h 


1 1 


was  not  blind  to  the  unnatural  character  of  her  brood,  is  proved 
by  the  fact  of  her  having  adapted  her  actions  to  their  pecu- 
liar requirements.  But  to  test  the  degree  to  which  such 
adaptation  might  go,  I  tried  the  experiment  of  selecting  the 
two  most  diverse  lands  of  animals  I  could  think  of,  and  giving 
the  young  of  the  one  to  be  reared  as  foster-children  by  the 
other.  The  animals  which  I  selected  for  this  purpose  were  a 
ferret  and  a  hen.  The  following  was  the  result  of  the  experi- 
ment as  published  at  the  time  in  "  Nature."* 

"  A  bitch  ferret  strangled  herself  by  trying  to  squeeze 
through  too  narrow  an  opening.  She  left  a  very  young 
family  of  three  orphans.  These  I  gave,  in  the  middle  of  the 
day,  to  a  Brahma  hen,  which  had  been  sitting  on  dummies 
for  about  a  month.  She  took  to  them  almost  immediately, 
and  remained  with  them  for  rather  more  than  a  fortnight,  at 
the  end  of  which  time  I  had  to  cause  a  separation,  in  conse- 
quence of  the  hen  having  suffocated  one  of  the  ferrets  by 
standing  on  its  neck.  During  the  whole  of  the  time  that  the 
ferrets  were  left  with  the  hen,  the  latter  had  to  sit  upon  the  nest ; 
for  the  young  ferrets,  of  course,  were  not  able  to  follow  the 
hen  about  as  young  chickens  would  have  done,  in  accordance 
with  the  strong  instinct  of  following  with  which  Mr.  Spalding 
has  shown  young  chickens  to  be  endowed.  The  hen,  as 
might  be  expected,  was  very  much  puzzled  at  the  lethargy  of 
her  offspring.  Two  or  three  times  a  day  she  used  to  fly  off 
the  nest,  calling  upon  her  brood  to  follow ;  but,  on  hearing 
their  cries  of  distress  from  cold,  she  always  returned  imme- 
diately and  sat  with  patience  for  six  or  seven  hours  more.  It 
only  took  the  hen  one  day  to  learn  the  meaning  of  thase 
cries  of  distress ;  for  after  the  first  day  she  would  always  run 
in  an  agitated  manner  to  any  place  where  I  concealed  the 
ferrets,  provided  that  this  place  was  not  too  far  away  from 
the  nest  to  prevent  her  from  hearing  the  cries  of  distress. 
Yet  I  do  not  think  it  would  be  possible  to  conceive  of  a 
greater  contrast  than  that  between  the  shrill  piping  note  of  a 
young  chicken  and  the  hoarse  growling  noise  of  a  young 
ferret.  On  the  other  hand,  I  cannot  say  that  the  young 
ferrets  ever  seemed  to  learn  the  meaning  of  the  hen's  cluck- 
ing. During  the  whole  of  the  time  that  the  hen  was  allowed 
to  sit  upon  the  ferrets  she  used  to  comb  out  their  hair  with 
her  bill,  in  the  same  way  as  hens  in  general  comb  out  the 

•  Vol.  xi,  p.  568. 
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feathers  of  their  chickens.  While  engaged  in  this  process, 
however,  she  used  frequently  to  stop  and  look  with  one  eye 
at  the  wriggling  nest-full  with  an  enquiring  gaze  expressive  of 
astonishment.  At  other  times,  also,  her  family  gave  her  good 
reason  to  be  surprised ;  for  she  used  often  to  fly  off  the  nest 
suddenly  with  a  loud  scream,  an  action  which  was  doubtless 
due  to  the  unaccustomed  sensation  of  being  nipped  by  the 
young  ferrets  in  their  search  for  the  teats.  It  is  further 
worth  while  to  remark  that  the  hen  showed  so  much  uneasi- 
ness of  mind  when  the  ferrets  were  taken  from  her  to  be  fed, 
that  at  one  time  I  thought  she  was  going  to  desert  them 
altogether.  After  this,  therefore,  the  ferrets  were  always  fed 
in  the  nest,  and  with  this  arrangement  the  hen  was  perfectly 
satisfied — apparently  because  she  thought  that  she  had  some 
share  in  the  feeding  process.  At  any  rate  she  used  to  cluck 
when  she  saw  the  milk  coming,  and  surveyed  the  feeding 
with  evident  satisfaction. 

"  Altogether  I  consider  this  a  very  remarkable  case  of  the 
plasticity  of  instinct.  The  hen,  it  should  be  said,  was  a 
young  one,  and  had  never  reared  a  brood  of  chickens.  A 
few  months  before  she  reared  the  young  ferrets,  she  had  been 
attacked  and  nearly  killed  by  an  old  ferret  which  had  escaped 
from  its  hutch.  The  young  ferrets  were  taken  from  her 
several  days  before  their  eyes  were  open. 

"  In  conclusion,  I  may  add  that  a  few  weeks  before  trying 
tuis  experiment  with  the  hen,  I  tried  a  similar  one  witli  a 
rabbit  which  had  littered  six  days  before  ....  Unlike 
the  hen,  however,  the  doe  perceived  the  imposture  at  once, 
and  attacked  the  young  ferret  so  savagely  that  she  broke  two 
of  its  legs  before  I  could  remove  it.  To  have  made  the  ex- 
periment parallel  with  the  other,  however,  the  two  mammalian 
mothers  should  have  littered  on  the  same  day." 

Lastly,  turning  to  the  Mammalia,  a  friend  of  the  Rev. 
Mr.  White,  of  Selborne,  gave  him  an  account  of  a  leveret 
which  he  saw  reared  by  a  cat*  Prichard  gives  an  account 
of  a  cat  that  reared  a  puppy.f  and  from  among  many  analogous 
instances  that  might  be  rendered,  I  shall  onlv  quote  the 
following,  as  it  is  remarkable  on  account  ol  displaying 
voluntary  adoption  by  a  cat  of  the  young  of  animals  which 
her  other  instincts  and  constant  practice  had  taught  her  to 
regard  as  prey. 

*  Bingley,  Animal  Biography,  i,  209.     f  Nat,  Hist,  of  Mankind,  i,  102. 
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"  Some  years  ago  the  late  Hon.  Marmaduke  Maxwell  of 
Terregles  took  me  to  his  stable  to  show  me  a  cat  which  was 
at  the  time  bringing  up  a  fdmily  of  young  rats.  The  cat  some 
weeks  previously  had  had  a  litter  of  five  kittens ;  three  were 
taken  away  and  destroyed  shortly  after  their  birth ;  next  day 
it  was  found  that  the  cat  had  replaced  her  lost  kittens  by 
three  young  rats,  which  she  nursed  with  the  two  remaining 
kittens.  A  few  days  afterwards  the  two  kittens  were  taken 
away,  and  the  cat  very  shortly  replaced  them  by  'o  more 
young  rats,  and  at  the  time  I  saw  them  tli»  „'  ■"\,  rats 
— which  were  confined  in  an  empty  stall — were  running  about 
quite  briskly,  and  about  one-third  grown.  The  cat,  happened 
to  be  out  when  we  went  into  the  stable,  but  came  in  before 
we  left;  she  immediately  jumped  over  the  board  into  the 
stall  and  lay  down :  her  strange  foster-family  at  once  ran 
under  her,  and  commenced  sucking.  What  renders  the  cir- 
cumstance more  extraordinary  is,  that  the  cat  was  kept  in 
the  stable  as  a  particularly  good  ratter."* 

*  Mr.  P.  Dudgeon,  Nature,  toI.  zx,  p.  77. 
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CHAPTEE  XIV. 

Instinct  (continued). 

Modes  in  which  Intelligence  determines  the  Variation 
OF  Instinct  in  Definite  Lines. 


We  have  no\.  seen  that  instincts  may  have  what  I  tenn  a 
blended  origin— or,  in  other  words,  that  intelligent  adjust- 
ment by  going  hand  in  hand  with  natural  selection,  must 
greatly  assist  the  latter  principle  in  the  work  of  forming 
instincts,  inasmuch  as  it  supplies  to  natural  selection  varia- 
tions which  are  not  merely  fortuitous,  but  from  the  first 
adaptive.  I  shall  next  show  what  I  conceive  to  be  the  chief 
modes  in  which  intelligence  thus  operates,  or  co-operates 
with  selection,  in  the  formation  of  instincts. 

Of  course  in  general  terms  it  is  easy  to  see  that  the  mode 
in  which  intelligence  thus  co-operates  is  by  enabling  an 
animal  to  perceive  that,  owing  probably  to  some  change  in 
its  environment,  it  may  best  adapt  itself  to  the  existing  con- 
ditions of  its  life  by  deviating  in  some  degree  from  its 
ancestral  instincts  (as  when  the  tailor-bird  seeks  for  threads 
of  cotton  instead  of  fibres  of  grass  wherewith  to  sew  its  nest), 
or  by  intelligent  observation  giving  rise  to  adjustive  actions, 
which  by  repetition  lead  to  an  instinct  de  novo  (as  in  the 
case  of  the  honey-guide,  which  has  acquired  the  remarkable 
instinct  of  attracting  the  attention  of  man,  and  leading  him 
to  the  nests  of  bees).*  But  with  animals,  as  with  men, 
original  ideas  are  not  always  forthcoming  at  the  time  they 
are  wanted,  and  therefore  it  is  often  easier  to  imitate  than 
to  invent.  Thus,  the  first  mode  which  I  shall  consider 
whereby  intelligence  may  change  or  deflect  an  instinct,  is 
that  of  imitation,  '^or  although  it  is  true  that  the  initial 
stage  of  such  deflection  occurs  in  the  "  original  ideas,"  nothing 

*  See  Animal  Intelliffence,  p.  316. 
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further  remains  to  be  said  of  these.  If  they  occur  similarly 
and  simultaneously  in  a  large  number  of  individuals,  as  may 
be  the  case  where  the  new  adjustment  is  simple  and  obvious, 
there  may  be  no  need  of  imitation  to  assist  in  changing  the 
instinct.  But  in  other  cases  I  am  inclined  to  think  that 
i  Tiitation  may  play  an  important  part  in  this  matter.  I  must 
CO  however,  that  in  searching  for  evidence  of  one  species 

of  a  lal  imitating  the  beneficial  habits  of  another,  I  have 
been  surprised  at  the  rarity  of  its  occurrence,  although,  as  I 
shall  presently  show,  there  is  abundant  evidence  of  one 
individual  imitating  the  habits  of  another  individual — whether 
of  its  own  or  of  other  species,  and  whether  the  action  imitated 
is  beneficial  or  useless.  This  difference,  I  think,  is  probably 
to  be  explained  by  the  reflection  that  in  all  cases  where  such 
imitation  between  species  and  species  may  have  obtained  in 
the  past,  we  should  now  only  see  an  instinct  common  to  the 
two  species,  and  therefore  should  have  no  evidence  that  it 
was  not  always  common.  Consequently,  it  is  only  in  cases 
where  the  imitation  by  one  species  of  the  habits  of  another 
is  in  its  earlier  phases  that  we  can  find  evidence  of  the  fact. 
The  following  are  the  only  cases  of  such  imitation  that  I 
have  been  able  to  meet  with ;  but  to  them  I  add  a  number 
of  cases  of  individual  imitation,  because  this  must  evidently 
form  the  groundwork  of  imitation  among  species. 
I  quote  the  following  from  Mr.  Darwin's  MSS : — 
"  From  some  experiments  which  I  was  making,  I  had 
occasion  very  closely  to  watch  some  rows  of  the  tall  kidney- 
bean,  and  I  daily  saw  innumerable  hive-bees  alighting  as 
usual  on  the  left  wing-petel,  and  sucking  at  the  mouth  of  the 
flower.  One  morning,  for  the  first  time,  I  saw  several 
humble-bees  (which  had  been  extraordinarily  rare  all  summer) 
visiting  these  flowers,  and  1  saw  them  in  the  act  of  cutting 
with  their  mandibles  aoles  through  the  under  side  of  the 
calyx,  and  thus  sucking  the  nectar :  all  the  flowers  in  the 
course  of  the  day  became  perforated,  and  the  humble-bees  in 
their  repeated  visits  to  the  flowers  were  thus  saved  much 
trouble  in  sucking.  The  very  next  day  I  found  all  the  hive- 
bees,  without  exception,  sucking  through  the  holes  which 
had  been  made  by  the  humble-bees.  How  did  the  hive-bees 
find  out  that  all  the  flowers  were  bored,  and  how  did  they  so 
suddenly  acquire  the  habit  of  using  the  holes  ?  I  never  saw, 
though  I  have  long  attended  to  the  subject,  or  heard  of  hive- 
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bees  themselves  boring  holes.  The  minute  holes  made  by 
the  humble-bees  were  not  visible  from  the  mouth  of  the 
flower,  where  the  hive-bees  had  hitherto  invariably  aUghted : 
nor  do  I  believe,  from  some  experiments  which  I  have  made, 
that  they  were  guided  by  the  scent  of  the  nectar  escaping 
through  these  orifices  more  readily  than  through  the  mouth 
of  the  flower.  The  kidney -bean  is  also  an  exotic.  I  must 
think  that  the  hive-bees  either  saw  the  humble-bees  cutting 
the  holes,  and  understood  what  they  were  doing,  and  imme- 
diately profited  by  their  labour ;  or  that  they  merely  imitated 
the  humble-bees  after  they  had  cut  the  holes,  and  when 
sucking  at  them.  Yet  I  feel  sure  that  if  anyone  who  had 
not  known  this  previous  history  had  seen  every  single  hive- 
bee,  without  a  moment's  hesitation,  flying  with  the  utmost 
celerity  and  precision  from  the  under  side  of  one  flower  to 
another,  and  then  rapidly  sucking  the  nectar,  he  would  have 
declared  that  it  was  a  beautiful  case  of  instinct." 

Mr.  Darwin  in  his  MSS  has  also  the  following  observa- 
tions concernmg  the  subject  of  imitation : — "  It  is  difficult  to 
determine  how  much  dogs  learn  by  experience  and  imitation. 
I  apprehend  there  can  be  little  doubt  that  the  manner  of 
attack  of  the  English  Bull-dog  is  instinctive  (Rollin, '  Mem., 
&c.,'  torn,  iv,  p.  339).  I  believe  that  certain  dogs  in  South 
America  without  education  rush  at  the  belly  of  the  stag 
which  they  hunt,  and  that  certain  other  dogs  when  first 
taken  out  run  round  the  heads  of  Peccaris.  We  are  led  to 
believe  that  these  actions  are  imitative  when  we  hear  from 
Sir  J.  Mitchell  ('  Australia,'  vol.  i,  p.  292),  that  his  dogs  did 
not  learn  how  safely  to  seize  the  Emu  by  the  neck,  until  the 
close  of  his  second  expedition.  On  the  other  hand  Mr.  Couch 
('Illustrations  of  Instinct,'  p.  191)  gives  the  case  of  a  dog 
who  learned,  after  a  single  battle  with  a  Badger,  the  spot 
where  it  would  inflict  a  fatal  bite,  and  it  never  forgot  the 
lesson.  In  the  Falkland  Islands  it  seems  that  the  dogs 
learned  from  each  other  the  best  way  of  attacking  the  wild 
cattle  (Sir  J.  Ross, '  Voyage,'  vol.  ii,  p.  246)." 

Again,  Mr.  Darwin  points  out  that  many  species  of  wild 
animals  certainly  learn  to  understand  and  to  profit  by  the 
danger  cries  and  signals  employed  by  other  species,  and  this 
is  a  kind  of  imitation.*     He  also  adduces  a  good  deal  of 

*  Thus,  for  instance,  he  says  that  "the  inhabitants  of  tiie  L'nited  States 
like  to  have  martins  build  on  their  houses,  as  their  cry  when  a  hawk 
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evidence  to  show  that  hirds  of  different  species,  whether  iu  a 
state  of  nature  or  domestication,  frequently  imitate  one 
another's  song;  and  singing  is  certainly  instinctive,  for 
Couch  says  that  he  knew  a  gold-finch,  which  had  never 
heard  the  song  of  its  own  species,  nevertheless  singing  tWs 
song,  though  tentatively  and  imperifectly  * 

Yarrell  tells  of  a  hawfinch  that  learnt  the  song  of  a 
blackbird,  though  afterwards  it  quite  forgot  this  song, 
which  could  not  have  happened  with  its  natural  music.f  a 
fact  which  shows  that  although  imitation  is  able  largely  to 
modify  instinct,  its  effects  are  not  so  deeply  engrained  as 
those  which  are  stamped  by  heredity.  Even  the  sparrow, 
which  naturally  can  scarcely  be  said  to  have  a  song,  will 
learn  the  song  of  a  linnet,^  and  Bureau  de  la  Malle  gives  the 
case  of  wild  blackbirds  in  his  garden  learning  a  tune  from  a 
caged  bird  ;§  similarly,  he  taught  a  starling  the  Marseillaise, 
and  from  this  bird  all  the  other  starlings  in  a  canton  to  which 
he  took  it  learned  the  air.  In  this  way,  too,  many  birds 
acqvire  the  song  of  their  foster-parents  of  other  species.|| 
Lastly,  a  number  of  observations  on  wild  birds  in  America 
imitating  each  other's  music  have  lately  been  published  by 
Mr.  E.  E.  Fish.f 

It  is  certain,  however,  that  some  birds  have  a  much 
greater  aptitude  than  others,  both  for  learning  and  retaining 
the  songs  of  different  species.  Thus  a  blackbird  [starling  ?] 
has  been  known  so  well  to  imitate  the  crowing  of  a  cock  as 
to  deceive  the  cocks  themselves,**  while  Yarrell  says  the  same 
thing  of  a  starling's  power  of  imitating  the  cackling  of  a  hen.ft 
Of  course  such  facts  are  notorious  as  regards  the  Mocking- 
bird {Turdus  polyglottm),  and  also,  at  least  when  in  a  state 

appears  serves  to  alarm  the  chickens,  though  the  latter  are  not  aborigines 
of  the  country."    And  manj  similar  instances  might  be  given. 

*  lUMstratxon*  qf  Instinct,  p.  113.      See  also  Bechstein,  StUbenvSgel, 
4th  ed.,  p.  7. 

t  Brit.  Birds,  vol.  i,  p.  486.  %  Jifceni  of  Man,  p.  870. 

§  Anns,  des  8c.  Nat.,  3rd  series.    2  vol.     Tome  x,  p.  118. 

II  Barrington,  Phil.  Trans.,  1778,  p.  264. 

f  Bulletin  of  the  Buffalo  Society  of  Nat.  So.    1881,  pp.  28-6. 
**  Loundouws  Mag.  Nat.  Hist.,  vol.  iv,  p.  488. 

ft  Loc.  eit.,  vol.  i,  p.  204 ;  also  in  4th  ed.,  vol.  ii,  pp.  229-80,  where  it  is 
said  on  the  authority  of  sundry  observers,  that  starlings  in  a  state  of  nature 
also  imitate  the  kestrel,  wryneck,  partridge,  moorhen,  coot,  oyster-catcher, 
golden  plover,  redshank,  curlew,  whimbrel,  herring-gull,  quail,  and  corn- 
crake, while  Professor  Newton  tells  me  that  at  Cambridge  he  has  heard  the 
starlings  very  perfectly  imitating  the  quacking  of  ducks. 
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of  confinement,  of  parrots,  jays,  jackdaws,  and  starlings ;  and 
these  facts  are  rendered  more  remarkable  from  the  additional 
fact  that  none  of  these  birds  have  any  proper  song  of  their 
own,  and  might  therefore  be  supposed  not  to  have  a  developed 
ear  for  bird-music.  Still  more  remarkable,  however,  is  the 
fact  that  these  birds  are  able  correctly  to  imitate  songs  having 
a  proper  musical  notation,  and  that  they  both  learn  such  songs 
more  readily  and  retain  them  better  than  even  those  singing- 
birds  which  are  most  apt  at  learning  tunes.  For  Bechstein 
says  that  even  the  Bullfinch  requires  nine  months  of  regular 
and  continued  instruction  to  become  firm  in  its  performance, 
and  that  very  frequently  aU  instruction  is  forgotten  in  moult- 
ing. Couch,  indeed,  says  that  with  all  such  birds  "it  is 
with  them  as  with  the  human  race ;  those  which  are  quick 
at  attaining  are  also  rapid  in  losing  their  acquirements."  and 
conversely ;  but  clearly  this  statement  is  no  more  true  of 
birds  than  it  is  of  "  the  human  race."  For  of  any  of  the 
songless  birds  above  named  it  would  be  a  sign  of  unusual 
dulness  to  require  nine  months  of  continuous  instruction  in 
a  single  tune  and,  on  the  other  hand,  they  do  not  so  readily 
forget  what  they  learn.  But  the  most  remarkable  extension 
of  the  power  of  vocal  imitation  which  these  birds  display  is 
unquestionably  that  of  uttering  articulate  words.  This 
subject  will  require  to  be  considered  more  fully  in  my  next 
work.  Meanwhile  it  is  enough  merely  to  mention  it  with 
reference  to  the  wonderful  power  and  precision  of  the  imita- 
tion which  is  betokened  in  thus  modifying  the  instinct  of 
uttering  a  caw  or  scream,  into  the  singing  of  a  definite  tune 
or  the  speaking  of  articulate  words. 

The  habit  displayed  by  cats,  and  even  young  kittens,  of 
washing  their  faces  might  well  be  deemed  instinctive,  and  so, 
most  "probably,  it  is;  but  that  it  may  also  be  acquired  by 
imitation  is  proved  by  the  fact  that  puppies  when  brought  up 
by  a  cat  perform  the  same  movements.  This  was  firat 
observed  by  Audouin,*  and  has  since  been  independently 
corroborated  by  several  observers,  of  whom  I  may  mention 
the  following : — 

Bureau  de  la  Malle  gives  the  case  of  a  terrier  which 

belonged  to  himself,  and  which  from  the  time  of  its  birth 

was  brought  up  with  a  kitten  six  months  its  senior.   For  two 

years  the  terrier  had  no  association  with  other  dogs.    Soon 

*  Anna,  dei  So.  Nat,,  torn,  xxii,  p.  897. 
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the  terrier  began  to  bound  like  a  cat,  and  to  roll  a  mouse  or 
a  ball  with  his  fore-paws;  he  also  licked  his  paws  and 
rubbed  them  over  his  ears.  Yet  if  a  strange  cat  came  into 
the  garden  he  chased  it  away.*  Prichard  gives  another  case 
of  a  dog  reared  by  a  cat  learning  to  lick  its  paws  and  wash 
its  face,t  and  a  precisely  similar  case  is  communicated  to  me 
by  Mrs.  M.  A.  Baines.  Another  precisely  similar  case  I  find 
recorded  in  Mr,  Darwin's  MSS  as  communicated  to  him  by 
Professor  Hoffmann  of  Giessen.  Again,  the  late  Dr.  Eouth, 
Presidftnt  of  Magdalen  College,  Oxford,  observed  that  his 
King  Charles  terrier  (which  had  been  suckled  and  reared  by 
a  cat  from  the  age  of  three  days)  was  as  afraid  of  rain  as  was 
the  foster-mother ;  that  he  would  never,  if  he  could  possibly 
avoid  it,  set  his  paw  in  a  wet  place  ;  that  he  licked  his  feet 
two  or  three  times  a  day  for  the  purpose  of  washing  his  face, 
which  process  he  performed  "in  the  true  cattish  position, 
sitting  upon  his  tail ;"  that  "  he  used  to  watch  a  mouse-hole 
for  hours  together ;"  and  had  "  in  short  all  the  ways,  manners, 
and  dispositions  of  his  wet-nurse."J  Lastly,  another  case  is 
recorded  in  "  Nature  "§  of  a  dog  belonging  to  Mr.  C.  H.  Jeens, 
which,  having  been  reared  by  a  cat  from  the  age  of  one 
month,  used  to  catch  mice,  and  when  it  caught  one  to  treat 
it  "  after  the  well-known  manner  of  cats,  allowing  it  to  run  a 
distance,  then  pouncing  upon  it,  and  so  on  for  many  minutes." 
Conversely  Dr.  E.  Darwin  records  the  case  of  a  cat  learning 
from  a  dog  the  medicinal  use  of  the  herb  Agrostis  canina.  I 
think  it  is  probable  that  the  following  facts,  which  I  quote 
from  Mr.  Darwin's  MSS,  are  also,  in  part  at  least,  to  be 
attributed  to  imitation,  though  here  the  imitation  is  within 
the  limits  of  the  same  species. 

"  It  has  been  stated  that  lambs  turned  out  without  their 
mothers  are  very  liable  to  eat  poisonous  herbs  ;  and  it  seems  to 
be  certain  that  cattle,  when  first  introduced  into  a  country,  are 
killed  by  eating  poisonous  herbs  which  the  cattle  already 
naturalized  there  have  learnt  to  avoid."|| 

It  seems  needless  to  give  further  instances  of  imitation 

*  Ann$.  de$  Sc.  Nat.,  torn,  xxii,  p.  388. 

t  Kat.  Hist,  of  Mankind,  3rd  ed.,  Tol.  i,  p.  102. 

:(  Slist  Mitford'B  Life  and  Letters,  vol.  ii,  p.  277. 

§  Nature,  toL  viii,  p.  79. 

il  See  Annls.  and  Mag.  qf  Nat.  Sist.  2nd  ser.,  vol.  ii,  p.  864;  and 
Stillingfleet't  Tract;  p.  850.  In  regard  to  Lambs,  see  I'ouatt  on  Sheep, 
p.  404. 
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among  animals,  but  it  may  be  said  in  general  that,  as  the 
faculty  of  imitation  depends  on  observation,  it  is  found  in 
greatest  force,  as  we  should  expect,  among  the  higher  or  more 
intelligent  animals — reaching  its  maximum  in  the  monkeys, 
where,  ns  is  well  known,  it  passes  into  ludicrous  extremes. 
And  in  this  connection  it  is  interesting  to  observe  that 
a  child  begins  to  imitate  very  early  in  life,  and  that  the 
faculty  goes  on  developing  during  the  first  year  or  eighteen 
months,  after  which  it  remains  stationary  for  a  time,  and  is 
then  of  much  service  in  developing  language.*  With  growing 
intelligence,  this  faculty  subsequently  declines,  and  in  after 
life  may  be  said  to  stand  in  an  inverse  relation  to  originality 
or  the  higher  powers  of  the  mind.  Therefore  among  idiots 
below  a  certain  grade  (though  of  course  not  too  low),  it  is 
usually  very  strong  and  retains  its  supremacy  through  life, 
while  even  among  idiots  of  a  higher  grade,  or  the  "  feeble- 
minded," a  tendency  to  undue  imitation  is  a  very  constant 
peculiarity.  The  same  thing  is  conspicuously  observable  in 
the  case  of  many  savages  ;  so  that  in  view  of  all  these  facts 
we  must  conclude  that  the  faculty  of  imitation  is  one  very 
characteristic  of  a  certain  area  of  mental  evolution,  and  there- 
fore that  within  the  limits  of  this  area  it  must  conduce  in  no 
small  degree  to  the  formation  of  instinct.f 

•  See  Proyer,  loo,  cit„  pp.  176-182,  where  a  number  of  detailed  obser- 
Tations  on  this  head  are  given.  He  says  that  the  first  imitative  m  >vement  begins 
as  early  as  the  fift«enth  week  in  protruding  the  lips  when  anyone  performs 
this  action  before  the  child.  [This  action  see  ns  to  come  naturally  to  young 
children,  and  may  I  think  probably  have  some  hereditary  connection  with, the 
same  movement  as  so  strongly  pronounced  in  the  orang  outang.  For  s  picture 
of  such  protrusion  in  this  animal,  see  Darwin  Exprensiono/Emotiotu,  p.  141.] 
Towards  the  end  of  t,he  first  year  imitative  movements  become  more  numerous 
and  more  quickly  learnt,  and  the  child  takes  active  pleasure  in  their  perform- 
ance.  At  twelve  months  Preyer  observed  his  child  repeating  in  its  dreams 
imitative  movements  which  had  made  a  strong  impression  on  it  while  awake, 
— e.g.,  blowing  with  the  mouth.  Later  still,  complica4«d  imitative  movements 
are  performed  for  mere  amusement,  as  is  apparently  the  case  with  monkeys. 

T  With  reference  to  imitation  in  coimection  with  instinct,  I  think  it  is 
de<>rable  here  again  to  express  my  opinion  already  given  in  Animal  InteUi* 
gence,  on  the  theory  published  by  Mr.  Wallace,  in  his  Natural  Selection, 
tha^  the  nidification  of  birds  is  due  to  the  young  birds  consciously  imitating 
the  structure  of  the  nests  in  which  they  have  themselves  been  reared — the 
characterist  ic  nidificat  ion  of  each  species  of  bird  being  thus  maintained.  I 
have  advanced  in  Anim(d  Intelligence  sundry  general  considerations,  which  I 
thought  suiRcient  to  negative  this  theory  on  d  priori  grounds ;  but  since  then 
I  have  found  among  Mr.  Darwin's  M8S  a  letter  which  describes  the  results 
of  the  test  ex[>eriment  which  Mr.  Wallace  himself  suggests.  This  experiment 
is  to  rear  young  birds  from  the  egg  in  an  artificial  nest  or  incubator  unlike 
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But  the  influence  of  this  faculty  in  the  formation  of 
instinct  proceeds  further  than  we  have  yet  noted.  For 
among  the  more  intelligent  animals  it  is  played  upon  for  this 
very  purpose  by  the  animals  themselves ;  the  parents  of  each 
successive  generation  intentionally  educate  their  young  in 
the  performance  of  quasi-instinctive  actions.  Thus,  for 
instance,  old  hawks  purposely  educate  the  instinctive  facul- 
ties of  their  young,  so  as  more  quickly  to  bring  these  instincts 
into  a  state  of  perifection.  For  the  manner  in  which  hawks 
swoop  upon  their  prey  must  certainly  be  regarded  as  instinc- 
tive ;  yet  Lt  Malle  observed,*  and  the  observation  was  after- 
wards corroborated  by  Brehm.t  that  the  old  birds  perfected 
the  natural  instincts  of  their  young  ones  in  teaching  them 
"dexterity,  a'j  well  as  judgment  of  distances,  by  first  dropping 
through  the  air  dead  mice  and  sparrows,  which  the  young 
generally  failed  to  catch,  and  thon  bringing  them  live  birds 
and  leUing  them  loose."t 

And  analogous  facts  are  to  be  observed  in  the  case  of  old 
birds  teaching  the  young  ones  to  fly.  We  have  already  seen 
that  Mr.  Spalding  proved  such  teaching  to  be  unnecessary  in 
the  sense  of  not  being  required  to  develop  the  power  of  flight. 
This  is  instinctive,  so  that  the  young  bird,  whether  or  not 
instructed  by  its  parents,  would  fly.  Yet  the  instruction 
must  be  of  some  use,  as  in  some  species,  at  any  rate,  it  is 

the  natural  nest,  and  then  observe  whether  when  advdt  these  birds  will 
instinctiTely  build  the  nest  characteristic  of  their  species.  Now  I  find 
among  Mr.  Darwin's  MSS  a  letter  to  him  from  Mr.  Weir,  which  seems  to  set 
any  such  question  at  rest.  Writing  under  the  date  May,  1868,  Mr.  Weir 
says  as  the  result  of  a  large  experience  of  birds  kept  by  him  in  aTiaries : — 
"  The  more  I  reflect  on  Mr.  Wallace's  theory  that  birds  learn  to  mnke  their 
nests  because  they  have  been  themselTCs  reared  in  one,  the  less  inclined  do  I 
feel  to  agree  with  him."  He  gives  the  following  fact,  which  seems  to  be  con- 
elusive  against  this  theory : — "  It  is  usual  with  many  Canary  fanciers  to  take 
out  the  nest  constructed  by  the  parent  birds,  and  to  place  a  felt  nest  in  its 
place,  and  when  the  young  are  hatched  and  old  enough  to  be  handled,  to 
place  a  second  clean  nest,  also  of  felt,  in  the  box,  removing  the  other,  and  this 
IS  done  to  avoid  acari.  But  I  never  knew  that  canaries  so  reared  failed  to 
make  a  nest  when  the  breeding  time  arrived.  I  have  on  the  other  hand 
marvelled  to  see  how  like  a  wild  bird  their  nests  are  constructed.  It  is  cus- 
tomaiy  to  supply  them  with  a  small  set  of  materials,  such  as  moss  and  hair  ; 
they  use  the  moss  for  the  foundation,  and  line  with  the  finer  materials,  just 
as  a  wild  goldfinch  would  do,  although,  making  it  in  a  box,  the  hair  alone 
would  be  sufficient  for  the  purpose.  I  feel  convinced  nest  building  is  a  true 
instinct." 

*  Ann*,  de  Sc.  Nat.,  torn,  xxii,  p.  406. 

i  Mag.  Nat.  Hist.,  vol.  ii,  p.  402. 

}  Dueent  of  Man,  p.  73. 
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laboriously  given ;  *  and  the  only  use  it  can  be  is  that  of 
developing  the  powers  of  flight  more  rapidly  than  they 
would  develop  if  not  thus  assisted. 

Similarly,  the  singing  of  birds  is  certainly  instinctive; 
yet  it  is  improved  by  imitation  and  practice — the  young 
birds  listening  to  the  ol.^  and  profiting  by  their  instruction, 
as  is  proved  by  the  cases  previously  cited  of  birds  which  had 
never  heard  the  songs  of  their  own  species  yet  singing  their 
songs,  but  doing  so  "  tentatively  and  imperfectly." 

Again,  although  terriers  take  to  hunting  rabbits  instinc- 
tively, it  is  usual,  as  I  have  myself  observed,  for  their 
parents  to  teach  them,  or  lead  on  their  natural  instincts  by 
imitation,  whereby  the  hereditary  aptitude  develops  more 
quickly  than  it  would  if  left  to  itself. 

The  Duke  of  Argyllf  give  a  curious  case,  which  he  "knows 
to  be  authentic,"  of  a  golden  eagle  in  the  possession  of  Mr. 
W.  Pike,  Glendarry,  Co.  Mayo,  which  in  the  spring  of  1877 
laid  three  eggs.  These  Mr.  Pike  took  away,  and  substituted 
for  them  two  goose  eggs.  The  eagle  hatched  out  the  two 
eggs.  One  of  the  goslings  died,  and  was  torn  up  by  the 
eagle  to  feed  the  survivor,  "  who,  to  the  great  tribulation  of 
its  foster^parent,  refused  to  touch  it.  .  .  .  The  eagle, 
however,  in  the  course  of  time,  taught  the  goose  to  eat  flesh, 
and  (the  goose  having  free  exit  and  ingress  to  the  eagle's 
cage)  always  called  it  by  a  sharp  bark  whenever  flesh  is 
given  to  it,  when  the  goose  hastens  to  the  cage,  and  greedily 
swallows  all  the  flesh,  &c.,  which  the  eagle  gives  it." 

Again,  there  is  evidence  to  &'  ow  that  the  knowledge 
which  animals  display  of  poisonous  herbs  is  of  the  nature  of 
a  mixed  instinct,  due  to  intelligent  observation,  imitation, 
natural  selection,  and  transmission ;  for,  as  Mr.  Darwin  points 
out  in  the  Appendix,  "  lambs  turned  out  without  their 
mothers  are  very  liable  to  eat  poisonous  herbs ;  and  it  seems 
to  be  certain  that  cattle,  when  first  introduced  into  a  country, 
are  killed  by  eating  poisonous  herbs,  which  the  cattle  already 
introduced  have  learnt  to  avoid."} 

In  this  case  there  is  indeed  no  evidence  of  the  young 

*  Sir  H.  Davy  gives  an  account  of  such  laborious  instruction  as  witnessed 
by  himself  in  the  case  of  the  golden  eagle.    See  Animal  Intelligence,  p.  290. 

t  Nature,  vol.  xix,  p.  654. 

i  Youatt  OH  Sheep,  p.  404 ;  and  Anns,  and  Mag.  Nat.  Hitt.,  2nd  ser., 
vol.  ii,  p.  864,  &c. 
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being  intentionally  instructed  by  the  old,  but  they  are  in- 
structed by  themselves,  i.e.,  by  their  individual  experience. 
And  this  is,  after  all,  the  most  important  point,  or  the  point 
to  which  the  intentional  education  by  parents  is  subsidiary. 
I  shall  therefore  give  a  few  more  instances  to  show  that 
many  instincts  (usually  those  of  obviously  "econdary  origin) 
are  first  manifested  by  young  animals  in  an  imperfect,  or  not 
fully  evolved  condition,  and  afterwards  become  perfected  in 
the  school  of  individual  experience.  Such  cases  stand  in 
marked  antithesis  to  those  of  the  congenitally  perfect 
instincts  already  alluded  to,  which  have  been  so  well  investi- 
gated by  Mr.  Spalding. 

It  is  unquestionably  a  true  instinct  that  le  ferret  to 

thrust  its  long  canines  through  the  medulla  oblongata  of  its 
victim ;  but  Professor  Buchanan  states*  that  young  ferrets, 
"  instead  of  having  for  their  single  object  to  put  themselves 
into  a  position  to  inflict  the  death  wound,  engage  in  conflict 
with  rats  ;"  yet  they  liad  the  proper  instinct,  though  not  in 
complete  working  order,  for  they  attacked  properly  the 
medulla  oblongata  of  dead  rats.  Similarly  I  myself  observed 
with  the  ferrets  which  I  reared  under  a  hen,  that  when  half- 
grown  and  put  to  a  rabbit  for  the  first  time,  they  clearly 
knew  that  their  attack  should  be  directed  against  one  end  of 
the  rabbit,  but  were  not  quite  certain  which ;  for  after  some 
time  of  indecision  they  in  the  first  instance  attacked  the 
rump,  and  only  after  finding  this  of  no  use  tried  the  proper 
place.  But  of  more  interest  still  in  this  connection  was  the 
behaviour  of  these  ferrets  when  half-grown  towards  a  fowl. 
They  had  been  taken  away  from  their  foster-mother,  the 
hen,  some  weeks  previously,  but  still  no  doubt  retained  a 
recollection  of  her.  Therefore,  when  presented  with  another 
hen,  their  hereditary  instincts  prompted  attack,  while  their 
individual  associations  inhibited  the  prompting.  There  was 
therefore  a  manifest  .conflict  of  feelings,  which  had  its  ex- 
pression in  a  prolonged  period  of  indecision.  And  although 
eventually  the  hereditary  instincts  prevailed  over  the  asso- 
ciations formed  by  individual  experience,  the  prolonged 
liesitation  proved  that  the  Jatter  exerted  a  strong  modifying 
force. 

Mr.  Darwin  says  in  his  MSS  that  in  1840  he  saw  some 
chickens  which  had  been  hatched  without  a  mother,  and 

*  Anns,  and  Mag.  Nat.  Hiai.,  toI.  xviii,  p.  378. 
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"when  exactly  four  hours  old  they  ran,  jumped,  chirped, 
scratched  the  ground,  and  cuddled  together  as  if  under  the 
hen  ;  all  actions  beautifully  instinctive."  After  giving  this 
as  an  instance  of  what  I  have  called  pure  instinct,  he  pro- 
ceeds by  way  of  comparison  to  say,  "  It  might  have  been 
thought  that  the  manner  in  which  fowls  drink,  by  filling 
their  beaks,  lifting  up  their  heads,  and  allowing  the  water  to 
run  down  by  its  gravity,  would  have  been  specially  taught 
by  instinct ;  but  this  is  not  so,  for  1  was  most  positively 
assured  that  the  chickens  of  a  brood  reared  by  themselves 
generally  required  their  beaks  to  be  pressed  into  a  trough, 
but  if  there  were  older  chickens  present,  who  had  learnt  to 
drink,  the  younger  ones  imitated  their  movements,  and  thus 
acquired  the  art." 

Upon  the  whole,  then,  with  reference  to  the  modes 
whereby  intelligence  operates  in  modifying  instinct,  we  may 
say  that  in  all  cases  when  it  does  so,  there  must  first  be 
intelligent  perception  of  the  desirability  of  the  modification 
on  the  part  of  certain  individuals,  who  modify  their  actions 
accordingly.  In  some  cases  the  principle  of  imitation  pro- 
bably assists  in  changing  the  instinct  by  inducing  other  indi- 
viduals of  the  same  species,  and  living  in  the  same  area,  to 
follow  the  example  of  their  more  intelligent  companions ;  or 
the  principle  of  imitation  may  come  in  at  an  earlier  stage, 
the  habits  of  one  species  suggesting  to  the  members  of  another 
species  the  modification  of  an  instinct.  Lastly,  intelligence 
may  operate  by  the  intentional  tuition  of  young  by  their 
parents. 

But  perhaps  the  best  evidence  of  the  extreme  modification 
which  instinct  may  be  made  to  undeigo  by  the  effects  of 
individual  experience,  or  of  changed  conditions  of  life,  is  that 
which  is  afforded  by  the  enormous  mass  of  facts  to  which  we 
are  naturally  led  on  by  some  of  the  cases  just  given ;  I  mean 
the  facts  connected  with  the  domestication  of  animals.  For 
the  effects  of  domestication  in  modifying  instincts  are  quite 
as  strongly  shown  as  are  its  effects  in  modifying  structures, 
as  was  long  ago  observed  by  Dr.  E.  Darwin.  So  important 
and  extensive  a  class  of  facts,  however,  require  to  be  con- 
sidered by  themselves.  I  shall  therefore  now  proceed  to  do 
this  without  any  further  special  reference  to  the  effects  of 
imitation  or  of  education  operating  upon  instinct  during  the 
lifetime  of  the  individual. 
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CHAPTER  XV. 

Instinct  (continued). 

Domestication. 

From  the  nature  of  the  case  it  is  not  to  be  expected  that  we 
should  obtain  a  great  variety  of  instances  among  wild 
animals  of  new  instincts  acquired  under  human  observation, 
fleeing  that  the  conditions  of  their  life  as  a  rule  remain 
pretty  uniform  for  any  periods  over  which  human  observa- 
tion can  extend.  But  fortunately,  from  a  time  anterior  to  the 
beginning  of  history,  mankind  in  the  practice  of  domestica- 
ting animals,  has  been  engaged  on  making  what  we  may 
consider  a  gigantic  experiment  on  this  subject.  Seeing  that 
the  animfUs  chosen  for  this  purpose  have  been  bred  and 
reared  under  human  care  for  a  series  of  innumerable  genera- 
tions, and  that  in  some  cases  the  n.  >inbers  of  certain 
"  breeds "  are  persistently  selected  and  trained  to  perform 
certain  kinds  of  work,  we  should  expect,  if  instincts  arise  by 
secondaiy  means  in  conjunction  with  primary,  to  find 
evidence,  not  only  of  the  dwindling  of  natural  instincts,  but 
also  of  the  formation  of  new  and  special  instincts.  For  it 
is  evident  that  artificial  education  and  artificial  selection  by 
man  rire  influences  the  same  in  kind,  though  not  in  degree,  as 
those  of  natural  education  and  natural  selection,  to  the  com- 
bined operation  of  which  our  theory  ascribes  the  formation  of 
instincts.  We  might  therefore,  as  I  have  said,  expect  to  find 
among  our  domestic  animals  some  evidence  of  the  formation 
of  what  we  may  call  artificial,  or  in  Mr.  Darwin's  phraseology, 
domestic  instincts.    And  such  evidence  we  do  find. 

Taking  first  the  case  of  the  impairment  or  loss  of  natural 
instincts,  I  have  already  alluded  to  the  striking  example 
supplied  by  the  hereditary  tameness  of  domesticated  animals. 
More,  however,  now  remains  to  be  said  on  this  point,  for  it 
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will  be  remembered  that  previously  our  attention  was  con- 
fined to  cases  in  which  this  loss  is  to  be  attributed  to  changed 
experience  alone,  without  the  aid  of  selection,  or  to  primary 
means  unassisted  by  secondary.  In  this  connection  I  ad- 
duced the  cases  of  the  Rabbit  and  the  Duck ;  I  shall  now 
adduce  the  cases  in  which  artificial  selection  has  probably 
assisted  mere  disuse  in  obliterating  natural  wildness. 

The  most  remarkable  of  these  instances  is  perhaps  that 
supplied  by  the  Cat,  inasmuch  as  the  nearest  congener  of 
this  animal — the  wild  cat — is  the  most  obstinately  untame- 
able  of  all  animals.  The  case  of  the  Dog,  however,  is  in  this 
connection  scarcely  less  remarkable,  seeing  that  fierceness 
and  distrust  are  such  constant  features  in  the  psychology  of 
all  the  wild  races.  Probably,  too/  if  there  were  such  an 
animal  now  in  existence  as  the  tFuly  wild  Horse,  we  should 
find  its  disposition  to  resemble  that  of  the  Zebra,  Quagga,  or 
Wild  Ass,  the  latter  of  which,  though  not  so  untractable  as 
either  of  the  former,  is  nevertheless  a^very  different  animal 
in  this  respect  from  our  proverbially  patient  donkey.  Simi- 
larly, as  Handcock  observes,  "  In  the  wild  state  kine  possess 
acuteness  of  sight  and  smell,  and  a  spirit  of  fierceness  in 
defending  their  young,  which  disappear  when,  by  domestica- 
tion, we  have  reduced  them  to  a  condition  in  which  the 
former  of  these  qualities  would  be  of  no  value,  and  the  latter 
dangerous  to  themselves  and  others."  This  consideration 
led  Handcock  to  add  the  shrewd  remark,  "  Upon  the  whole 
it  seems  to  be  established  as  a  principle  that,  where  there 
is  no  room  for  the  exercise  of  pure  instinct,  eitiieK  by  man's 
interposition  or  otherwise,  it  will  languish,  like'  all  the 
natural  senses."* 

So  much,  then,  to  prove  that  instinctive  wildness  is 
eradicated  from  all  species  which  have  been  sufi&ciently  long 
exposed  to  the  influences  of  domestication.  I  shall  now  give 
a  few  facts  to  show  that  the  power  of  domestication  thus  to 
reduce  or  destroy  the  innate  tendencies  of  wild  animals 
extends  to  still  more  special  lines  of  psychological  forma- 
tion. 

Mr.  Darwin  sayst  "  All  wolves,  foxes,  jackals,  and  species 
of  the  cat  genus,  when  kept  tame,  are  most  eager  to  attack 
poultry,  sheep,  and  pigs ;  and  this  tendency  has  been  found 
incurable  in  dogs  which    ive  been  brought  home  as  puppies 

*  Zoological  Journal,  p.  820.  f  Origin  ttf  Speeiet,  p.  211. 
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from  such  countries  as  Tierra  del  Fuego  and  Australia,  where 
the  savages  do  not  keep  these  domestic  animals.*  How 
rarely,  on  the  other  hand,  do  our  civilized  dogs,  even  when 
quite  young,  require  to  be  taught  not  to  attack  poultry,  sheep, 
and  pigs.  No  doubt  they  occasionally  do  make  an  attack, 
and  are  then  beaten;  and,  if  not  cured,  are  destroyed;  so 
that  habit  and  some  degree  of  selection  have  probably  con- 
curred in  civilizing  by  inheritance  our  dogs.  On  the  other 
hand,  young  chickens  have  lost,  wholly  by  habit,  that  fear  of 
the  dog  and  cat  which  no  doubt  was  originally  instinctive  in 
them ;  for  I  am  informed  by  Captain  Hutton  that  the  young 
chickens  of  the  parent  stock,  the  Gallus  hankiva,  when 
reared  in  India  under  a  hen,  are  at  first  excessively  wild.  So 
it  is  with  'young  pheasants  reared  in  England  under  a  hen. 
It  is  not  that  chickens  have  lost  all  fear,  but  fear  only  of  dogs 
and  cats ;  for  if  the  hen  gives  the  danger-chuckle,  they  will 
run  (more  especially  young  turkeys)  from  under  her,  and 
conceal  themselves  in  the  surrounding  thickets."  The  MS 
adds,  "  Pigeons  are  not  as  constantly  kept  as  poultry,  and 
every  fancier  knows  how  difficult  it  is  to  keep  his  favourites 
safii  from  their  incorrigible  enemy — the  cat." 

As  additional  evidence  that  instincts  may  be  lost,  or  as 
Handcc  jk  says,  "  languish  "  under  domestication,  it  is  enough 
to  poiat  to  the  instinct  of  incubation  having  become  aborted 
in  the  Spanish  hen ;  and  to  tlie  maternal  instincts  having 
similarly  dwindled  in  cattle  in  certain  parts  of  Germany, 
where  for  hundreds  of  generations  it  has  been  the  custom  to 
remove  the  calves  from  the  mothers  immediately  after  birth.f 
The  same  authority  says  that  sheep  will  allow  s'  "ange  lambs 
to  suck  them  in  countries  where  it  has  long  been  the  custom 
to  change  lambs,  which  is  not  the  case  with  other  sheep. 

*  Tn  the  MSS  detailed  eridenoe  on  this  point  is  given,  from  which  I  quote 
the  following  t — 

"  This  was  the  case  with  a  native  dog  from  Australia,  whelped  on  board 
•hip,  which  Sir  J.  Sebright  tried  for  a  year  to  tame,  but  which  '  if  led  near 
sheep  or  poultry  became  quite  furious.'  So  again  Captain  FitsRor  sajs  that 
not  one  of  the  many  dogs  procured  from  the  natives  of  Tierra  del  Fuego  and 
Patagonia  which  were  brought  to  England  could  easily  be  prevented  from 
indu^nce  in  the  most  incusoriminate  attack  on  poultry,  young  pigs,  &c.' 
(Colonel  H.  Smith,  on  Dogt,  1840,  p.  214 ;  and  Sir  J.  Sebright,  on  IiuHnct, 
p.  12.  Also  Waterton's  J7»ay  on  iVat.  Bi$i.,  p.  197,  for  extreme  wildness  of 
oung  pheasants  at  sight  of  a  dog )"  And  the  MSS  also  contain  a  letter  from 
lir  James  Wilson,  gixing  Mr.  Dar -^rin  an  account  of  a  tamed  Dingo,  which 
obstinately  persisted  in  killing  poultry  and  ducks  whenever  he  got  loose. 

t  StuofD,  Uebtr  Bacen,  £c.,  s.  82. 
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Lastly,  according  to  Mr.  J.  Shaw,  "  where  the  dog  is  valued 
solely  for  food,  as  in  the  Polynesian  Islands  and  China,  it  is 
df»scribed  as  an  extremely  stupid  animal,"*  and  White  says, 
in  his  "  Natural  History  of  Selborne,"t  that  these  dogs  have 
lost  some  of  what  we  must  regard  as  their  strongest  instincts, 
for  "  though  they  are  so  strictly  carnivorous  animals,  from 
having  been  for  so  many  generations  fed  on  vegetable  food 
they  have  lost  their  instinctive  taste  for  flesli." 

Thus  much,  then,  for  what  we  may  call  the  negative  in- 
fluence of  domestication,  or  its  power  of  destroying  natural 
instincts.  We  shall  now  turn  to  the  still  more  striking  and 
suggestive  side  of  the  subject,  viz.,  the  positive  influence  of 
domestication  in  developing  new  instincts  not  natural  to  the 
species,  but  artificially  produced  by  accumulative  instruction 
through  successive  generations,  combined  with  selection.  And 
here  I  shall  confine  myself  to  the  species  of  domestic  animal 
in  which  these  effects  have  been  most  conspicuous,  viz.,  the 
Dog.  Doubtless  the  reason  why  these  effects  are  most  con- 
spicuous in  the  ca  )f  this  animal  is  because  his  utility  to 
man  has  always  depended  mainlv  upon  his  intelligence,  so 
that  man  has  here  persiiicntlv  dinscted  »the  in'lueuces  of 
domestication  towards  an  ariiUcial  .shapiQ</  of  ihat  intelli- 
gence. For  it  is  in  this  connexion  of  int  rest  to  observe 
that  the  only  features  in  the  primitive  psychology  of  the  dog 
which  have  certainly  remained  unaffected  by  <  ntact  with 
man,  are  those  features  which,  being  neitlicr  useful  uur  harm- 
ful to  man,  have  never  been  either  culivated  or  repressed. 
Such  is  the  case,  for  example,  with  the  instincts  of  covering 
excrement,  rolling  in  filth,  turning  round  and  round  to  make 
a  bed,  hiding  food.  Sect 

As  evidence  of  the  positive  influenccis  aomestication  on 
the  psychology  of  the  dog,  I  may  first  draw  attention  to  what 
occurs  to  me  as  a  very  suggestive  case.    One  of  the  most  dis- 

*  This  aentenoe  occun  m  a  quotation  in  a  letter  by  Mr.  Shaw  to 
Mr.  Darwin,  but  the  reference  is  not  aupplied. 

t  Letter  67. 

X  La  Malle  sayt  that  it  is  not  until  don  are  ten  or  twelve  months  old 
that  thej  begin  to  burj  superfluous  food.  This,  if  true,  would  point  to  the 
conclusion  that  the  instinct  was  one  lately  acquired  in  the  historjr  of  the 
wild  snecies,  and  therefore  presumably  is  not  so  firmly  fixed  as  the  instincts 
of  will  I  ess,  fierceness,  attacking  poultry,  and  so  on,  which  have  been  so 
completfly  eradicated  by  human  agencr. 
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tinctive  peculiarities  of  the  psychology  of  the  dog  is  the  high 
degree  in  whicli  there  are  developed  the  ideas  of  ownership 
and  property — ideas  which  have  of  course  been  bred  into 
canine  intelligence  by  man.  Most  carnivorous  animals  in 
their  wild  state  have  an  idea  of  property  as  belonging  to 
captors,  and  the  manner  in  which  certain  predacious  Garnivora 
take  possession  of  more  or  less  definite  areas  as  their  hunting- 
grounds  implies  an  incipient  notion  of  the  same  thing.  From 
the  germ  thus  supplied  by  nature  the  art  of  man  has  operated 
in  the  case  of  the  dog,  till  now  the  idea  of  defending  his 
master's  property  has  become  in  this  animal  truly  instinctive. 
Without  any  training,  and  even  sometimes  against  training, 
many  dogs  will  bark  and  fly  at  strangers  passing  the  gates  or 
doors  which  bound  their  master's  premises.  Instances  with- 
out number  might  be  multiplied  to  show  the  careful  vigilance 
of  dogs  over  property  entrusted  to  their  charge ;  but,  as  the 
fact  is  so  well  known,  space  need  not  here  be  occupied  with 
its  proof.  I  shall,  however,  give  one  or  two  observations 
which  I  myself  made  in  this  connection  on  a  terrier  which  I 
reared  from  puppyhood,  because  I  am  perfectly  certain  that  in 
this  case  the  idea  of  protecting  property  was  innate  or  in- 
stinctive, and  not  due  to  individual  instruction.  I  have  seen 
this  dog  escort  a  donkey  which  had  baskets  on  its  back  filled 
with  apples.  Although  the  dog  did  not-  know  that  he  was 
being  observed,  he  accompanied  the  donkey  all  the  way  up  a 
long  hill  for  the  express  purpose  of  guarding  the  apples.  For 
every  time  thattlio  donkey  turned  back  his  head  to  take  an 
apple  out  of  the  baskets,  the  terrier  sprang  up  and  snapped  at 
his  nose ;  and  such  was  the  vigilance  of  the  dog  that,  although 
his  companion  was  keenly  desirous  of  tasting  some  of  the 
fruit,  he  never  allowed  him  to  get  a  single  apple  during  the 
half  hour  that  they  were  left  together.  I  have  also  seen  this 
terrier  protecting  meat  from  other  terriers,  which  lived  in  the 
same  house  with  him,  and  with  which  he  was  on  the  best  of 
terms.  More  curious  still,  I  have  seen  him  seize  my  wrist- 
bands while  they  were  being  worn  by  a  friend  to  whom  I  had 
temporarily  lent  them — no  doubt  recognizing  them  as  mine 
by  his  sense  of  smell,  which  was  exceedingly  good. 

Akin  to  this  inborn  idea  of  protecting  the  property  of  his 
master,  is  the  idea  which  the  dog  has  of  himself  as  constitut- 
ing a  part  of  that  property — i.e.,  the  idea  of  ownership  as 
e.xteQded  to  himself.   That  this  idea  is  likewise  inborn  I  have 


DOMESTICATION. 


235 


observed  in  the  case  of 
which  was  given  to 
which  nevertheless  at 
crowded  streets.    Yet  this 
me  from  any  of 
can  only  have 
ownership,  and 


a  very  young  Newfoundland  puppy 
me  when  scarcely  able  to  toddle,  but 
once  followed  me  through  tolerably 
puppy  can  scarcely  have  known 
the  other  persons  he  met,  and  therefore  he 
followed  me  from  his  instinctive  idea  of 
his  consequent  fear  of  getting  lost.  This 
abstract  idea  of  ownership  is  well  developed  in  many,  if  not 
in  most  dogs  ;  so  that,  for  instance,  it  is  not  at  all  an  unusual 
thing  to  find  that  if  a  master  consigns  his  dog  to  the  care  ot 
a  friend  previously  unknown  to  the  animal,  the  latter  will 
feel  quite  safe  under  the  charge  of  one  whom  he  has  seen  to 
be  his  master's  friend.  For  the  time  being  the  allegiance  of 
the  animal  is  transferred,  and  he  feels  to  his  master's  friend, 
not  as  to  a  stranger,  but  as  to  a  deputed  owner.  It  is  not,  1 
think,  improbable  that  what  appears  to  be  the  acquired  in- 
stinct of  barking  is,  as  it  were,  an  offshoot  from  this  acquired 
instinct  of  property,  and  of  protecting  self  as  property,  by 
drawing  the  attention  of  a  master  to  the  approach  of  strangers 
or  enemies. 

Mr.  Darwin  has  made  a  strong  point  of  other  and  still 
more  special  "  domestic  instincts "  of  the  dog,  which  are 
perhaps  even  more  interesting  than  those  above  mentioned, 
from  the  fact  of  their  having  been  intentionally  bred  into  the 
animals  by  continued  training  with  selection ;  I  allude  to  the 
instincts  of  the  sheep-dog,  retriever,  and  pohiter.  He  briefly 
alludes  to  these  cases  in.  the  "  Origin  of  Species  "  (p.  209), 
but  dwells  more  fully  upon  them  in  his  uncondensed  MSS, 
from  which  thei*efore  I  shall  quote. 

"  Look  at  the  several  breeds  of  Dogs,  and  see  what  dif- 
ferent tendencies  are  inherited,  many  of  which  caimot,  from 
being  utterly  useless  to  the  animal,  have  been  inherited  from 
their  one  or  several  wild  prototypes.  I  have  talked  with 
several  intelligent  Scotch  shepherds,  and  they  were  unanimous 
in  saying  that  occasionally  a  young  sheep  dog  without  any 
instruction  will  naturally  take  to  run  round  the  flock,  and 
that  all  thorough-bred  dogs  can  be  easily  taught  to  do  this ; 
and  although  they  intensely  enjoy  the  exercise  of  their  innate 
pugnacity,  yet  they  do  not  worry  the  sheep,  as  any  wild 
canine  animal  of  the  same  size  would  do.  Look  again  at  the 
Retriever,  which  so  naturally  takes  to  bringing  back  any 
object  to  his  master.    The  Rev.  W.  D.  Fox  informs  me  that 
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he  taught  in  a  single  morning  a  Betriever  six  months  old  to 
fetch  and  carry  well,  and  in  a  second  morning  to  return  on 
the  path  to  search  for  an  object  left  purposely  behind  and  not 
seen  by  the  dog.  Yet  I  know  from  experience  how  difficult 
it  is  to  teach  the  habit  at  least  to  terriers. 

"  Let  us  consider  one  other  case,  though  so  often  quoted, 
that  of  the  Pointer.  I  have  myself  gone  out  with  a  young 
dog  for  the  first  time,  and  his  innate  tendency  was  shown  in 
a  ludicrous  manner,  for  he  pointed  fixedly  not  only  at  the 
scent  of  game,  but  at  sheep  and  large  white  stones ;  and 
when  he  found  a  lark's  nest,  we  were  actually  compelled  to 
carry  him  along;  he  backed  the  other  dogs.  .  .  .  The 
silence  of  Pointers,  also,  is  the  more  remarkable,  as  all  who 
have  studied  these  dogs  agi'ee  in  classing  them  as  a  sub-breed 
of  Hound,  which  gives  tongue  so  freely.  But  the  tendency 
in  the  young  Pointer  to  back  other  dogs,  or  to  point  without 
perceiving  any  scent  of  game  when  they  see  other  dogs 
point,  is  perhaps  the  most  singular  part  of  his  inborn  pro- 
pensities.* 

"  Now  if  we  were  to  see  one  kind  of  wolf,  in  a  state  of 
nature,  running  round  a  herd  of  deer,  and  skilfully  driving 
then^  whither  he  liked,  and  another  species  of  wolf,  instead 
of  chiising  its  prey,  standing  silent  and  motionless  on  the 
scent  Tor  more  than  half  an  hour  with  the  other  wolves  of  the 
pack  all  assuming  the  same  statue-like  attitude  and  cautiously 
approaching,  we  should  surely  call  these  actions  instinctive. 
The  chief  characteristics  of  instinct  seem  to  be  fulfilled  in  the 
pointer.  A  young  dog  cannot  be  supposed  to  know  why  he 
points,  any  more  than  a  butterfly  why  it  lays  its  eggs  on  a 

cabbage It  seems  to  me  to  make  no  essential 

ditference  that  pointing  is  of  no  use  to  the  dog,  only  to  man ; 
for  the  habit  has  been  acquired  through  artificial  selection 
and  training  for  the  good  of  man,  whereas  ordinary  instincts 
are  acquired  through  natural  selection  and  training  exclu- 
sively for  the  animal's  own  good.  The  young  pointer  often 
points  without  any  instruction,  imitation,  or  experience; 
though,  no  doubt,  as  we  have  also  seen  sometimes  to  be  the 


*  "With  respect  to  the  inherited  tendencj  to  hack,  see  St.  John's 
Wild  Sport  qf  the  Highland;  1846,  p.  116  {  Colonel  Hutoliinson  on  Dog 
Braaking,  1850,  p.  14  i{  and  Blaine,  Ency.  of  Rural  Sportt,  p.  791. — Besides 
the  tendency  to  point,  pointers  inherit  a  peculiar  niann<  r  of  quartering  their 
ground." 
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case  with  true  instincts,  he  often  ).  i  )fits  by  these  aids.  More- 
over, each  breed  of  dogs  delight<«  in  following  his  inborn 
propensity. 

"  The  most  important  distinction  between  pointing,  &c., 
and  a  tme  instinct,  is  that  the  former  is  less  strictly  inherited, 
and  varies  greatly  in  the  degree  of  its  inborn  perfection : 
this,  however,  is  just  what  one. might  have  expected;  for 
both  mental  and  coi'poreal  characters  are  less  true  in  domestic 
animals  than  in  those  in  a  state  of  nature,  inasmuch  as  their 
conditions  of  life  are  less  constant  and  man's  selection  and 
training  far  less  uniform,  and  have  been  continued  for  an 
incomparably  shorter  period,  than  is  the  case  in  nature's  pro- 
ductions." 

Although  the  familiar  fact  of  young  pointers  pointing 
instinctively  does  not  need  further  corroboration,  I  shall  quote 
a  brief  passage  from  the  paper  of  Mr.  Andrew  Knight  on 
"  Hereditary  Instincts,"*  because  it  shows,  as  in  the  case  of 
"  backing,"  to  what  extreme  nicety  of  detail  the  hereditary 
knowledge  may  in  some  cases  extend. 

"  It  is  well  known  that  very  young  pointers,  of  slow  and 
indolent  breeds,  will  point  partridges  without  any  previous 
instruction  or  practice.  I  took  one  of  them  to  a  spot  where 
I  had  just  seen  a  covey  of  small  partridges  alight  in  August, 
and  amongst  them  I  threw  a  piece  of  bread  to  induce  the  dog 
to  move  from  my  heels,  which  it  had  very  little  disposition 
to  do  at  any  time,  except  in  search  of  something  to  eat.  On 
getting  among  the  partridges,  and  perceiving  the  scent  of 
them,  its  eyes  became  suddenly  fixed,  and  its  muscles  rigid, 
and  it  stood  trembling  with  anxiety  for  several  minutes.  I 
then  caused  the  birds  to  take  wing,  at  sight  of  which  it 
exhibited  strong  symptoms  of  fear  and  none  of  pleasure.  A 
young  Springing  Spaniel,  under  the  same  circumstances, 
would  have  displayed  much  joy  and  exultation,  and  I  do  not 
doubt  but  that  the  young  pointer  would  have  done  so  too,  if 
none  of  its  ancestry  had  ever  been  beaten  for  springing 
partridges  improperly." 

From  this  same  paper  I  must  quote  the  following  and 
more  or  less  analogous  cases : — 

"  A  young  Terrier  whose  parents  had  been  much  employed 
in  destroying  Polecats,  and  a  young  Springing  Spaniel  whose 
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ancestry  through  many  generations  had  been  employed  in 
finding  Woodcocks  were  reared  together  as  companions,  the 
Terrier  not  having  been  permitted  to  see  a  Polecat  or  any 
other  animal  of  similar  character,  and  the  Spaniel  having 
been  prevented  seeing  a  Woodcock  or  other  kind  of  game. 
The  Terrier  evinced,  as  soon  as  it  perceived  the  scent  of 
the  Polecat,  very  violent  anger ;  and  as  soon  as  it  miv  the 
Polecat  attacked  it  with  the  same  degree  of  fury  as  its 
parents  would  have  done.  The  young  Spaniel,  on  the  con- 
trary, looked  on  with  indifference,  but  it  pursued  the  first 
Woodcock  it  ever  saw  with  joy  and  exultation,  of  which  its 
companion,  the  Terrier,  did  not  iu  any  degree  partake.  .  . 
In  several  instances  young  and  wholly  inexperienced  dogs 
appeared  very  nearly  as  expert  in  finding  Woodcocks  as  their 
experienced  parents. 

"Woodcocks  are  driven  in  frosty  weather,  as  is  well 
known,  to  seek  their  food  in  springs  and  rills  of  unfrozen 
water,  and  I  found  that  my  old  dogs  knew  about  as  well  as  I 
did  the  degree  of  frost  which  would  drive  the  woodcocks  to 
such  places ;  and  this  knowledge  proved  very  troublesome  to 
me,  for  I  could  not  sufficiently  restrain  them.  I  therefore  left 
the  old  experiei  3ed  dogs  at  home,  and  took  only  the  wholly 
inexperienced  young  dogs ;  but  to  my  astonishment  some  of 
them,  in  several  instances,  confined  themselves  as  closely  to 
the  unfrozen  grounds  as  their  parents  would  have  done. 
When  I  first  observed  this  I  suspected  that  woodcocks  might 
have  been  upon  the  unfrozen  ground  during  the  preceding 
night,  but  I  could  not  discover  (as  I  think  I  should  have 
done  had  this  been  the  case)  any  traces  of  their  having  been 
there ;  and  as  I  could  not  do  so,  I  was  led  to  conclude  that 
the  young  dogs  were  guided  by  feelings  and  propensities 
similar  to  those  of  their  parents." 

Elsewhere  in  his  essay  this  author  remarks,  "  It  may,  I 
think,  be  reasonably  doubted  whether  any  dog  having  the 
habits  and  propensities  of  the  Springing  Spaniel  would  ever 
have  been  known,  if  the  art  of  shooting  birds  on  the  wing 
had  not  been  acquired." 

Lastly,  with  reference  to  those  artificial  instincts  of  the 
dog,  which  are  of  this  highly  specialized  nature — amounting, 
in  fact,  to  hereditary  memory  of  a  most  minute  kind — ^I 
may  allude  to  a  remark  made  by  Professor  Hermann,  that 
sporting  dogs  appear,  when  first  taken  out  to  hunt,  and  there- 
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fore  previous  to  any  individual  experience,  to  anticipate  the 
effects  of  a  gun  in  bringing  down  a  bird.* 

Suggestive,  however,  as  is  the  formation  by  man  of  such 
special  canine  instincts  as  we  have  now  considered,  we  have 
in  them  only,  as  it  were,  small  details  of  the  modification 
which  human  agency  has  produced  in  the  psychology  of  the 
dog.  It  is,  indeed,  not  more  true  that  man  has  in  a  sense 
created  the  remarkable  structure  of  the  greyhound  or  the 
bulldog,  than  that  he  has  implanted  the  no  less  remarkable 
instincts  of  the  pointer  or  the  retriever ;  but  we  should  gain 
a  very  inadequate  conception  of  the  profound  influence  which 
he  has  exercised  in  moulding  the  mind  of  this  animal  were 
we  to  confine  our  attention  to  such  special  cases  as  these. 

If  we  contrast  the  psychology  of  "  the  friend  of  man  " 
with  that  of  any  of  the  wild  breeds,  we  see  at  once,  not  only 
that  the  animal  has  had  many  of  its  natural  instincts  sup- 
pressed and  many  artificial  instincts  imposed,  but  also  that  it 
has  acquired,  as  Sir  J.  Sebright  has  observed,  "an  instinctive 
love  of  man."  But  the  general  afiFection,  faithfulness,  and 
docility  of  the  dog,  are  too  proverbial  to  need  special  exposi- 
tion. We  have  merely  to  observe  that  these  qualities,  so  unlike 
anything  with  which  we  meet  in  wolves,  foxe.«»,  jackals,  and 
wild  dogs  generally,  can  only  be  attributed  to  prolonged 
contact  with,  and  selection  by,  his  human  masters ;  so  that 
as  the  domestic  dog  is  at  present  constituted  these  artificially 
imposed  qualities  usually  lead  the  animal  to  entertain  higher 
affection  and  faithfulness  towards  man  than  towards  its  own 
kind.  It  may  not  be  superfluous  in  this  connection  again  to 
point  out  that  among  wild  animals  we  do  not  unfrequently 
find  a  disposition  to  associate  with  members  of  other  species, 
even  when  no  actual  benefit  arises  from  the  association  ;  and 
in  this  accidental  or  useless  proclivity  we  may  distinguish 
the  germ  which  in  the  case  of  the  dog  has  been  cultured  into 
what  we  see — amply  justifying  the  remark  of  the  old  writer 
quoted  by  Dai'win,  "  A  dog  is  the  only  thing  on  this  earth 
that  luvs  you  more  than  he  luvs  himself." 

Not  only  affection,  faithfulness,  and  docility,  but  likewise 
all  other  emotional  qualities  of  the  dog  which  are  useful  to 
man  have  been  developed  by  man  to  the  extraordinary 
degree  which  we  observe.    It  would  be  superfluous  to  cite, 
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or  even  to  give  references  to  cases  illustrating  the  exalted 
level  to  which  sympathy  has  attained.  This,  together  with 
the  intelligent  affection  from  which  it  springs,  gives  rise  to  a 
love  of  approbation  and  dread  of  blame,  which  as  far  as  they 
go  are  in  no  way  distinguishable  from  the  same  feelings  as 
they  occur  in  man  himself  To  this  subject  I  shall  have  to 
return  when  in  my  next  work  we  come  to  treat  of  the  genesis 
of  Conscience. 

Again,  as  Mr.  Grant  Allen  has  pointed  out,  the  sense  of 
dependence  which  a  dog  shows  is  very  instructive.  "The 
original  dog,  who  was  a  wolf  or  something  very  like  it,  could 
not  have  had  any  such  aitificial  feeling.  He  was  an  inde- 
pendent, self-reliant  animal.  .  .  .  But  at  least  as  early 
as  the  days  of  the  Danish  shell-mounds,  perhaps  thousands 
of  years  earlier,  man  had  learned  to  tame  the  dog."  There- 
fore, as  a  result  of  continuous  education,  selection,  and  breed- 
ing, although  "  among  a  few  dogs,  like  those  of  Constanti- 
nople, the  instinct  may  have  died  out  by  disuse,  .... 
when  a  dog  is  brought  up  from  puppyhood  under  a  master, 
the  instinct  is  fully  and  freely  developed,  and  the  masterless 
condition  is  thenceforth  for  him  a  thwarting  and  disappoint- 
ing of  all  his  natural  feelings  and  affections."* 

Indeed,  so  strong  are  the  combined  effects  of  long-con- 
tinued breeding  and  individual  education,  that  they  may 
overcome  the  strongest  of  natural  instincts  and  desires — 
witness  a  dog  which  will  starve  rather  than  steal,  and  also 
the  recorded  cases  in  which  even  the  maternal  instinct  has 
been  overborne  by  the  desire  of  serving  a  master.  To  give 
only  one  example  of  this  surprising  fact,  I  shall  quote  from 
the  "  Shepherd's  Calendar  "  of  the  poet  Hogg : — 

A  collie  belonged  to  a  man  named  Steele,  who  was  in 
the  habit  of  consigning  sheep  to  her  charge  without  super- 
vision. On  one  occasion,  says  Hcgg,  "whether  Steele 
remained  behind  or  took  another  road,  I  know  not,  but,  on 
arriving  home  late  in  the  evening,  he  was  astonished  to  hear 
that  his  faithful  animal  had  never  made  her  appearance  with 
the  drove.  He  and  his  son,  or  servant,  instantly  prepared  to 
pet  out  by  different  paths  in  search  of  her,  but  on  their  going 
out  into  the  streets,  there  was  she  coming  with  the  drove,  not 
one  missing,  and,  mar\'ellous  to  relate,  she  was  carrying  a 
young  pup  in  her  mouth.     She  had  been  taken  in  travail  on 

*  Evolutionitt  Abroad,  p.  182,  et  teq. 
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the  hills,  and  how  the  poor  beast  had  contrived  to  manage 
her  drove  in  her  state  of  suffering  is  beyond  human  calcula- 
tion, for  her  road  lay  through  sheep  the  whole  way.  Her 
master's  heart  smote  him  when  he  saw  what  she  had  suffered 
and  effected;  but  she  was  nothing  daunted,  and,  having 
deposited  her  young  one  in  a  place  of  safety,  she  agaiii  set 
out  full  speed  to  the  hills  and  brought  another  and  another, 
till  she  brought  her  whole  litter,  one  by  one ;  but  the  last  one 
was  dead." 

There  is  still  one  respect — and  this  a  most  suggestive  one 
— ^in  which  artificial  instincts  resemble  natural  instincts,  over 
and  above  that  of  obliteration  by  disuse  or  acquirement  by 
training  and  selection.  In  order  to  show  this  it  will  be  suffi- 
cient to  quote  the  following  passage  from  Mr.  Darwin's  MSS, 
part  of  which  has  already  been  published  in  the  "  Variation 
of  Animals  and  Plants  under  Domestication "  (vol.  i, 
p.  43) :- 

"  It  is  well  known  that  when  two  distinct  species  are 
crossed,  the  instincts  are  curiously  blended,  and  vary  in  the 
successive  generations,  just  like  corporeal  structures.  To 
give  an  example :  a  dog  kept  by  Jenner  (Hunter's  "  Animal 
Economy,"  p.  325),  which  was  grandchild,  or  had  a  quarter- 
blood  of  the  jackal  in  it,  was  easily  startled,  was>  inattentive 
to  the  whistle,  and  would  steal  into  fields  and  catch  mice  in 
a  peculiar  manner.  Now  I  could  give  numerous  examples  of 
crosses  between  breeds  of  dogs,  both  having  artificial  instincts, 
in  which  these  instincts  have  been  most  curiously  blended, 
as  between  the  Scotch  and  English  sheep-dog,  pointer  and 
setter :  the  effect,  moreover,  of  such  crosses  can  sometimes  be 
traced  for  very  many  generations,  as  in  the  courage  acquired 
by  Lord  Orford's  famous  greyhounds  from  a  single  cross  with 
the  bull-dog  ("  Youatt  on  the  Dog,"  p.  31).  On  the  other 
hand,  a  dash  of  the  greyhound  will  give  a  family  of  sheep- 
dogs a  tendency  to  hunt  hares,  as  I  was  assured  by  an  intel- 
ligent shepherd." 

Our  ck  posteriori  proof  of  Proposition  VII  is  now  concluded, 
and  with  its  proof  our  considerations  on  the  origin  and 
development  of  instinct  are  drawing  to  a  close.  For  we  have 
now  seen  that  instincts  may  arise  under  the  influence  of 
natural  selection  alone,  under  that  of  lapsing  intelligence 
alone,  or  under  both  these  influences  combined.    And  in 
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proving  that  habits  intelligently  acquired  may,  like  habits 
acquired  without  intelligence,  be  inherited,  we  have  also 
proved,  as  in  the  analogous  case  of  primary  instincts,  that 
these  habits  in  the  course  of  generations  may  vary,  that  their 
variations  may  be  inherited,  and  that  the  favourable  variations 
may  be  fixed  and  further  intensified  by  natural  or  artificial 
selection.  For  it  is  only  by  granting  all  these  statements 
that  we  can  possibly  explain  many  of  the  foregoing  facts. 
Clearly  man  could  never  have  produced  the  artificial  instincts 
of  the  dog,  unless  lie  had  practically  recognized  the  facts  of 
variability  and  inheritance—  a  recognition  which  is  forcibly 
expressed  in  the  immense  difierence  between  the  market 
value  of  a  pointer  or  setter  of  important  pedigree,  and  a 
pointer  or  setter  whose  parentage  is  unknown.  As  Thompson 
well  says: — "It  would  be  necessary  to  recommence  the  ]  atji- 
ness  of  training  with  each  successive  generation,  if  the  bodily 
and  mental  changes  which  the  animals  have  undergone  in  the 
continued  process  of  domestication  had  not  become  so  en- 
grafted as  to  be  propagated  with  them.  liiese  acquired 
characteristics  have  gathered  fresh  strength  in  each  succeed- 
ing generation,  till  at  length  they  have  assumed  a  permanent 
stamp."  And  if  artificial  selection  is  of  such  high  importance 
in  the  formation  of  domestic  instincts,  much  more  must 
natural  selection  be  of  importance  in  the  formation  of  natural 
instincts. 
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CHAPTER  XVI. 


Instinct  (continued). 


Local  and  SPEanc  Varieties  of  Instinct. 


I  HAVE  now  shown  that  instincts  may  arise  through  the 
influence  of  natural  selection,  or  of  lapsing  intelligence,  or  of 
both  these  principles  combined ;  and  that  even  fully  formed 
instincts  are  liable  to  change  when  changing  circumstances 
require.  The  most  striking  evidence  on  this  head,  or  that  of 
the  mutability  of  fully  formed  instincts,  is  perhaps  the 
evidence  given  in  the  last  chapter,  showing  the  influence  of 
domestication  both  in  obliterating  the  strongest  of  natural 
and  in  creating  the  most  fantastic  of  artificial  instincts.  But 
inasmuch  as  we  have  previously  seen  that  any  considerable 
change  in  the  circumstances  to  which  an  instinct  is  appro- 
priate, is  apt  to  throw  the  machinery  of  that  instinct  out  of 
gear,  the  evidence  of  the  mutability  of  instinct  drawn  from 
the  effects  of  domestication  may  be  open  to  the  criticism  that 
the  changes  produced  are  of  an  unnatural  character,  or  due  to 
an  impairment  of  the  normal  apparatus  of  instinct.  I  do  not 
myself  think  that  if  this  criticism  were  raised  it  would  be 
one  of  any  force,  seeing  that  domestication  not  only  has  the 
negative  effect  of  impairing  or  destroying  natural  instincts, 
but  also,  as  I  have  said,  the  positive  effect  of  creating  artifi- 
cial instincts.  Still  it  is  desirable  to  supplement  the  evidence 
drawn  from  the  facts  of  domestication  with  further  evidence 
drawn  from  the  field  of  nature;  for  here,  at  least,  no  criticinm 
of  the  kind  which  I  have  suggested  can  be  advanced.  I  pro- 
pose, therefore,  in  this  chapter  to  consider  all  the  facts  which 
I  have  been  able  to  collect,  tending  to  show  that  among 
animals  in  a  state  of  nature  instincts  undergo  transformations 
which  are  precisely  analogous  to  those  that  they  undergo 
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among  animals  in  a  state  of  domestication.  The  kind  of 
evidence  on  which  I  rely  to  show  this  is  two-fold — 1st  the 
occurrence  among  wild  animals  of  local  varieties  of  instinct, 
and  2nd  the  similar  occurrence  of  specific  varieties. 


ZoccU  Varieties  of  Instinct. 

Under  the  first  of  these  two  divisions  I  shall  seek  io  show 
that  the  mutability  of  instinct  finds  a  most  marked  and  sug- 
gestive expression  in  certain  cases  where  wild  animals  of  the 
same  species  living  in  different  parts  of  the  world  (and  there- 
fore exposed  to  different  environments),  present  differences  in 
their  instinctive  endowments  of  a  marked  and  constant  kind. 
One  class  of  such  cases  has  already  been  given  with  reference 
to  the  acquisition  of  an  instinctive  fear  of  man  by  those 
animals  in  a  state  of  nature  which  inhabit  loodities  frequented 
by  man :  but  as  the  subject  appears  to  me  an  important  one 
— seeing  that  a  definite  local  variety  is  on  its  way  to  becom- 
ing a  new  instinct — I  shall  now  give  all  the  best  instances 
which  I  have  been  able  to  collect 

Beginning  with  insects,  Kirby  and  Speuce  state  on  the 
authority  of  Sturm  that  the  dung-beetle,  which  rolls  up 
pellets  or  little  balls  of  dung,  saves  itself  the  trouble  of 
making  the  pellets  when  it  happens  to  live  or  sheep- 
pastures;  for  it  then  "avails  itself  of  the  pellet-shaped  balls 
re''  ^y  made  to  its  hands  which  the  excrement  of  the  sheep 
supplies."  Here  we  have  intelligent  adaptation  to  peculiar 
conditions,  and  so  the  case  might  have  been  quoted  as  one  of 
the  plasticity  of  instinct ;  but  as  sheep-pastures  are  definite 
local  areas,  I  have  quoted  it  as  a  case  of  the  local  variation  of 
instinct.  All  cases  of  such  local  variation  must  have  some 
determining  cause,  and  doubtless  most  frequently  tliis  cause 
is  intelligent  adaptation  to  peculiar  local  conditions.  There- 
fore I  have  chosen  this  case  to  lead  off  with  just  because  it 
might  equally  well  be  quoted  in  this  or  in  the  previous 
chapter. 

AgMXL  it  is  stated  by  Lonbiere,  in  his  history  of  Siam, 
"  tha.t  in  one  part  of  that  kingdom,  which  lies  open  to  great 
inundations,  all  the  ants  made  their  settlements  upon  trees ; 
no  ants'  nests  are  to  be  seen  an>  where  else."  And  Furel 
states  a  closely  similar  fact  with  reference  to  a  species  of 
European  ant,  lasius  acerhorum,  which  on  the  plains  is  never 
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found  to  buHd  under  stones,  while  in  the  Alps  it  frequently 
builds  under  the  same  stones  as  the  Myrmica. 

With  regard  to  Bees,  it  appears  that  both  in  Australia 
and  California,  th(^  hive-bees  when  introduced  "  retain  their 
industrious  habits  only  for  the  first  two  ox-  three  years.  After 
that  time  they  gradually  cease  to  collect  honey  till  they 
become  wholly  idle."*  Again,  Mr.  Packard,  jun.,  records 
some  observationst  which  were  made  by  the  Kev.  L  Thomp- 
son, whom  he  designates  "  a  careful  observer,"  of  bees  {Apis 
mellijiea)  eating  moths  which  were  entrapped  in  certain 
flowers.  On  the  fact  being  communicated  to  Mr.  Darwin,  he 
wrote,  that  he  "  had  never  heard  of  bees  being  in  any  way 
carnivorous,  and  the  fact  is  to  me  incredible.  Is  it  possible 
that  the  bees  opened  the  bodies  of  the  Plusia  to  suck  the 
nectar  contained  in  their  bodies  ?  Such  a  degree  of  reason 
would  require  confirmation,  and  would  be  very  wonderful." 
But  whatevfci  the  object  of  the  bees  may  have  been,  their 
actions,  which  are  described  as  "suddenly  darting"  and 
"  furious,"  certainly  display  some  marked  variation  of  instinct 
under  the  guidance  of  intelligence.  Moreover,  the  explana- 
tion entertained  by  Messrs.  Thompson  and  Packard — viz., 
that  the  bees  were  partly  carnivorous,  is  perhaps  not  so 
"  incredible  "  as  it  appeared  to  Mr.  Darwin,  if  we  remember 
that  wasps  are  unquestionably  apt  to  develop  carnivorous 
tastes.^ 

Turning  now  to  local  variations  of  instinct  in  Birds,  I 
may  first  allude  to  the  following  instances  in  the  Appendix, 
which  although  not  adduced  in  this  connection  by  Mr. 
^arwin,  are  no  less  apposite  to  it. 

"  It  is  notorious  that  the  same  species  of  bird  has  slightly 
different  vocal  powers  in  different  districts ;  and  an  excellent 
observer  remarks, '  an  Irish  covey  of  partridges  springs  with- 
out uitering  a  call,  whilst  on  the  opposite  coast  the  Scotch 
covey  shrieks  with  aU  its  might  when  sprung.'§  Bechstein 
says  that  from  many  years'  experience  he  is  certain  that  in 

*  Animal  InteWgene;  p.  188,  where  we  for  references  to  Dr.  B.  Darwin, 
Kirby  and  Spenoe,  and  later  writers  on  thii  matter. 

t  AmericaH  Naturafiiit,  Jan.  1880. 

t  See,  0^.,  Nature,  >  ol.  xxi,  pp.  417,  4^4,  688,  and  568,  detailing  obwr- 
rationa  of  the  fact  by  Sir  D.  Wedderbum,  Meiirt.  Newall,  F.B.S.,  Lewis 
Bod,  and  W.  O.  Smith. 

§  W.  Thompson,  in  Nat.  Hut.  Ireland,  toI.  ii,  p.  65,  says  he  has  obserred 
this,  and  that  it  is  wdl  known  to  sportsmen. 


246 


MENTAL  EVOLUTION  IN  ANIMALS. 


I 


I 


the  Nightingale  a  tendency  to  sing  in  the  middle  of  the 
night  or  in  the  day  runs  in  families  and  is  strictly  in- 
herited."* 

Professor  Newton  informs  me  that  the  Ring-plover  on 
the  extensive  sand-dunes  of  Norfolk  and  Suffolk  hahitually 
displays  a  veiy  curious  and  instructive  case.  These  birds 
naturally  build  on  the  sea-shore,  depositing  their  eggs  in  a 
hollow  which  they  scoop  out  in  the  shingle.  The  sea  has 
retreated  for  miles  from  the  extensive  sand-dunes  in  question, 
which  have  become  covered  with  grass.  Apparently  the 
Ring-plovers  have  gone  on  breeding  for  numberless  genera- 
tions on  the  site  which  was  at  one  time  the  sea-coast,  the 
distance  between  them  and  the  sea  having  therefore  gradually 
increased  more  and  more.t  Hence  the  birds  are  now  living 
on  wide  .grassy  surfaces  instead  of  on  shingle,  but  their 
instinct  of  laying  their  eggs  on  stones  remains  ;  so  that  after 
having  scooped  out  a  hollow  in  the  ground,  tliey  collect  small 
stones  from  all  quarters  and  deposit  them  in  the  hollow.  This 
has  the  effect  of  rendering  their  nests  very  conspicuous,  and 
the  fact  shows  in  a  striking  way  how  a  fixed  ancestral  instinct 
mav,  while  in  the  main  persisting  under  changed  conditions 
of  life,  nevertheless  so  vary  in  reference  to  these  changed 
conditions  as  to  constitute  the  beginning  of  a  new  instinct. 

For  further  instances  of  local  variation  in  the  instincts  of 
nest-building,  I  may  in  this  connection  ngain  refer  to  the 
highly  instructive  cases  previously  mentioned  in  illus- 
tration of  the  plasticity  of  instinct  under  the  moulding 
influence  of  intelligence.^  I  allude  to  the  fact  that  on  the 
American  Continent  various  species  of  birds— notably  a  kind 
of  Owl,  a  Blue-bird,  the  Pewit  Flycatcher,  several  species 
of  Wren,  and  nearly  all  the  species  of  Swallow — have 
adapted  the  structure  of  their  nests  to  the  artificial  nesting- 
places  provided  by  man,  in  just  the  same  way  (though  more 
gradually  and  on  a  much  larger  scale)  as  did  the  colony  of 
Palm-ewifts  in  Jamaica.    But  with  still  more  special  refer- 

*  Stmbtn-VSgd,  1840,  •.  828 ;  Me  on  different  powers  of  singing  in  dif- 
ferent jplacee,  s.  206  and  26S. 

t  Th»t  thie  ie  the  expUnation  ie  not  merelj  probable  i  priori,  but 
reoei?ee  additional  corroboration  from  the  fact  that  these  same  sand-dimes 
are  now  the  habitat  of  a  species  of  lepidopterous  inseut  which  elsewhere  is 
found  upon  the  coast. 

X  Bee  aboTe,  p.  810.  Compare  also  manj  of  the  oases  giren  in  the 
Appendix. 
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ence  to  the  local  variation  of  instinct,  I  may  here  quote  a 
further  statement  from  Captain  Coues'  work  previously 
cited;  for  it  shows  that  even  on  dififerent  parts  of  the 
American  Continent  the  same  species  of  birds  exhibit  these 
differences  in  their  mode  of  nest-building.  He  says : — "  There 
is  no  question  of  the  fact  that  some  of  the  Swallows  which  in 
the  East  now  invariably  avail  themselves  of  the  accommo- 
dation man  furnishes,  in  the  West  live  still  in  holes  in 
trees,  rocks,  or  the  ground ;"  and  he  proceeds  to  give  several 
special  instances.*  Lastly,  the  fact  has  already  been  noted 
that  House-sparrows  exhibit  a  similar  local  variation  of 
instinct  wherever  they  come  into  contact  with  the  dwellings 
of  man.t 

Passing  on  now  to  other  animals,  we  find  several  instruc- 
tive cases  of  the  local  variation  ef  instinct  among  the  Mam- 
malia. Thus  the  curious  habit  has  been  observed  among 
cattle  inhabiting  certain  districts  of  sucking  bones.  Arch- 
bishop Whately  made  this  the  subject  of  a  communication 
to  the  Dublin  Natural  History  Society  many  years  ago. 
Recently  it  has  been  observed  by  Mr.  Donovan  of  cattle  in 
Natal,t  and  by  Mr.  Le  Conte,  of  cattle  in  the  United  State8.§ 
Prabably  this  habit  is  induced  by  the  absence  of  some  con- 
stituent of  food  in  the  grass  which  is  supplied  by  the  bones, 
and  therefore  if  the  habit  happened  to  prove  beneficial  to  the 
cattle  (instead  of  deleterious  as  Whately  asserts),  it  is  easy 
to  see  that  cattle  in  a  state  of  nature  might  become  trans- 
muted from  herbivorous  to  omnivorous,  or  even  purely  car- 
nivorous. Probably  the  ancestors  of  the  Pig  have  passed 
through  the  former  of  these  stages.  On  the  other  hand,  the 
Bear  seems  to  be  in  process  of  becoming  omnivorous  fram 
the  contrary  direction — being  carnivorous  in  its  affinities,  but 
not  infrequently  adopting  the  habit  of  eating  grass  and  herbs. 

And  in  this  connection  I  may  refer  to  an  interesting  case 
of  transition  from  herbivorous  to  carnivorous  habits  which 
was  published  at  the  Academy  of  Natural  Science  of  Phila- 

*  Op.  eii.,  p.  804.  Thii  fact,  T  think,  tends  to  oonflrm  the  •tktement  of 
Mr.  Bdward  (ZooL,  p.  6842)  that  on  the  oooat  of  Banffshire  the  hoiue- 
■wallow  preienti  a  local  instinct  of  building  in  oaves  and  on  projecting  rocks%. 

t  When  houso'sparrows  build  in  trees — which  they  occasionally  do  and 
which  must  be  recaraed  as  reTcrsion  to  primitive  instinct — "  the  structure  is 
very  large,  more  than  a  yard  in  ciroumterenoe,  and  covered  with  a  dome." 
(Yarrefa  Britiak  Sirdt,  4th  Bd.,  Pt.  X,  p.  90.) 


{  Nature,  vol,  zx,  p.  467. 


§  Ibid. 


[ 


■v;a 


*l 


248 


MENTAL  EVOLUTION  IN  ANIMALS. 


1 


ir 


I 


delphia  on  Febraary  18th,  1873,  by  Mr.  W.  K.  G.  Gentry.  A 
rodent  popularly  known  as  the  Chickaree  (Sdnus  hvdaoniv.8), 
which  like  most  of  its  kind  is  normally  herbivorous,  has 
adopted  in  the  neighbourhood  of  Mount  Airy  a  habit 
common  among  the  Mustelidce,  of  climbing  trees  for  the  pur- 
pose of  catching  birds  and  sucking  their  blood.  Mr.  Gentry 
suggests  that  this  transition  from  herbivorous  to  carnivorous 
habits  may  have  arisen  from  the  propensity  shown  by  some 
squirrels  of  sucking  the  eggs  of  birds — ^the  passage  from  this 
habit  to  that  of  sucking  the  blood  of  birds  being  but  small. 
Lastly,  in  this  connection  I  may  adduce  a  precisely  analogous 
case  of  a  marked  local  variation  of  instinct  taking  place  in  a 
species  of  bird. 

Mr.  I.  H.  Potts,  writing  from  Ohinitahi  to  "  Nature"  (Feb- 
ruary 1st.  1872),  says  that  the  mountain  parrot  (Nestor 
Twtabilia)  was  then  exhibiting  a  "  progressive  development  of 
change  in  habits  from  the  simple  tastes  of  a  honey-eater  to 
the  savageness  of  a  tearer  of  flesh."  For  "  the  birds  come  in 
flocks,  single  out  a  sheep  at  random,  and  each  alighting  on 
its  back  in  turn,  tears  out  the  wool,  and  makes  the  sheep 
bleed,  till  the  animal  runs  away  from  the  rest  of  the  sheep. 
The  birds  then  pursue  it,  and  force  it  to  run  about  till  it 
becomes  stupid  and  exhausted.  If  in  that  state  it  throws 
itself  down,  and  lies  as  much  as  possible  on  its  back  to  keep 
the  birds  from  picking  the  part  attacked,  they  then  pick  a 
fresh  hole  in  its  side,  and  the  sheep,  when  so  set  upon,  in  some 
instances  dies.  .  .  .  Here  we  have  an  indigenous  species 
making  use  of  a  recently  imported  aid  for  subsistence,  at  the 
cost  of  a  vast  change  in  its  natural  habits."  Since  this 
account  was  written  the  change  of  habits  in  question  has 
grown  to  become  a  very  serious  matter  to  the  sheep-farmers. 
It  appears  that  the  birds  prefer  the  fat  parts  of  their  victims, 
and  have  learnt  to  bore  into  the  abdominal  cavity  straight 
down  upon  the  fat  of  the  kidneys,  thus  of  course  killing  the 
sheep. 

Another  case  of  local  variation  of  instinct  is  furnished  by 
the  statement  of  Adamson,  that  in  the  island  of  Sor  rabbits 
do  not  burrow.  This  statement,  however,  although  accepted 
by  Dr.  E.  Darwin,  has  not,  so  far  as  I  know,  been  either  con- 
firmed or  refuted.  But  with  reference  to  variations  in  the 
instinct  of  burrowing,  I  may  allude  with  more  confidence  to 
the  case  given  by  Mr.  Darwin  in  the  Appendix  on  the 
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authority  of  Dr.  Andrew  Smith,  viz.,  "  that  in  the  uninhabited 
parts  of  South  Africa  the  hyaenas  do  not  live  in  burrows, 
whilst  in  the  inhabited  and  disturbed  parts  they  do.  Several 
mammals  and  birds  usually  inhabit  burrows  made  by  other 
species,  but  when  such  do  not  exist  they  excavate  their  own 
habitations." 

In  "  Animal  Intelligence  "  I  stated,  under  the  authority 
of  Dr.  Newbury's  Report  on  the  Zoology  of  Oregon  and 
California,  that  the  beavers  in  those  districts  exhibit  the 
peculiarity  of  never  constructing  dams,  and  seeing  that  the 
building  of  these  structures  may  be  regarded  as  one  of  the 
strongest  instincts  manifested  by  the  species,  I  supposed 
the  failure  of  the  Oregon  and  Califomian  beavers  in  mani- 
festing this  instinct  to  constitute  a  remarkable  case  of  the 
local  variation  of  instinct.  Professor  Moseley,  however,  who 
has  travelled  in  Oregon,  now  writes  me  that  this  absence  of 
beaver  dams  is  in  his  opinion  due  simply  to  the  severity  with 
which  the  animals  are  trapped.  "What  few  beavers  that 
remain  are  too  constantly  liable  to  interruption  to  be  able  to 
construct  dams,  or  for  this  to  be  worth  their  while.  They  thus 
live  a  more  or  less  vagrant  life  about  the  streams."  It  will  be 
observed,  however,  that  Professor  Moseley  speaks  of  "  the 
few  beavers  that  remain,"  whereas  Dr.  Newbury  says  of  the 
same  districts  : — "  We  found  the  beavers  in  numbers  of  which, 
when  applied  to  beavers,  I  had  no  conception."  Therefore 
I  infer  that  since  the  time  when  Dr.  Newbury's  Report  was 
published,  the  number  of  the  beavers  must  have  been  greatly 
reduced  by  trapping.  But  if  so,  at  the  time  when  the  Report 
was  published.  Professor  Moseley's  explanation  of  the  absence 
of  dams  can  scarcely  have  applied  to  the  facts  of  the  case. 
Hence,  I  am  still  disposed  to  think  that  we  have  in  this  case 
an  instance  of  the  local  variation  of  instinct — seeing  that  the 
variation  of  habit  was  remarkable  even  before  the  introduc- 
tion of  the  disturbing  elements  to  which  Professor  Moseley 
now  alludes.  Be  this  as  it  may,  however,  it  is  certain  that 
the  solitary  beavers  of  Europe  present  a  striking  local  varia- 
tion of  instinct,  not  only  in  having  lost  their  social  habits, 
but  also  in  having  ceased  to  build  either  lodges  or  dams. 

The  last  instance  of  the  local  variation  of  instinct  which 
I  have  to  adduce  is  one  which  has  already  attracted  a  good 
deal  of  attention ;  I  refer  to  the  barking  of  dogs.*    The  habit 

*  A  fomewliat  analogotu  instance  seems  to  be  supplied  by  the  "  cat-a< 
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of  barking,  although  perhaps  acquired  as  a  result  of  domesti- 
cation, is  so  innate  and  general  among  most  of  the  breeds, 
that  it  deserves  to  be  regarded  as  an  instinct.  Yet  Ulloa 
noticed  that  in  Juan  Fernandez  the  dogs  did  not  attempt  to 
bark  till  taught  to  do  so  by  the  importation  of  some  dogs 
from  Europe — their  fust  attempts  being  strange  and  un- 
natural Linnaeus  records  that  the  dogs  of  South  America 
did  not  bark  at  stmngers.  Hancock  says  that  European 
dogs  when  conveyed  to  Guinea  "  in  three  or  four  generations 
cease  to  bark,  and  only  howl  like  the  dogs  natives  of  that 
coast."  Lastly,  it  is  now  well  known  that  the  dogs  of 
Labrador  are  silent  as  to  barking.  So  that  the  habit  of  bark- 
ing, which  is  so  general  among  domestic  dogs  as  to  be  of  the 
nature  of  an  instinct,  is  nevertheless  seen  to  vary  with 
geogmphical  position. 

Specific  Variations  of  Instinct. 

To  the  above  instances  of  the  local  variations  of  instinct, 
I  shall  now  add  a  few  cases  of  what  we  may  call  specific 
variations  of  instinct — that  is  to  say,  instincts  which  occur  in 
a  species  of  a  character  strikingly  different  from  the  instincts 
which  occur  in  the  rest  of  the  genus.  After  what  has  been 
said  on  the  local  variations  of  instinct,  the  attesting  value  of 
the  cases  which  we  are  about  to  consider  must  l^  evident 
For  we  should  expect  that  if  the  conditions  which  determine 
a  local  variation  of  instinct  are  constant  over  a  sufficient 
length  of  time,  the  vaiiatiou  should  become  fixed  by  here- 
dity, and  so  give  rise  to  a  change  of  instinct  in  the  species 
affected — ^which  change  ought  to  become  observable  in  the 
contrast  exhibited  by  the  instincts  of  this  species  and  those 
of  the  rest  of  its  allies.  Thia  head  of  evidence  becomes  of 
special  value  when  we  remember  that  it  is  the  nearest 
approach  we  can  hope  to  obtain  of  anything  resembling  a 
palaeontology  of  instincts.  Instincts,  unlike  structures,  do 
not  occur  in  a  fossil  state,  and  therefore  in  the  course  of  their 
modification  they  do  not  leave  behind  them  any  permanent 
record,  or  tangible  evidence,  of  their  transformations.  But 
we  obtain  evidence  of  transformation  almost  as  conclusive  in 
the  cases  to  which  I  now  allude;  for  if  a  living  species 

wallingt"  of  o*to|  for,  Moordina  to  Roulin  (quoted  by  Dr.  Carpenter  in 
Contemp.  Bev.,  vol.  xxi,  p.  811),  the  domaetio  oats  in  South  Amerius  do  not 
make  tneee  lound*. 
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inhabiting  a  certain  restricted  area  exhibits  a  marked  depar- 
ture from  the  instincts  elsewhere  characteristic  of  its  genus, 
we  can  scarcely  question  that  the  departure  is  indeed  a 
departure — i.e.,  that  originally  the  instincts  were  the  same 
as  those  occurring  in  the  rest  of  the  genus,  but  that  owing  to 
peculiar  local  conditions,  local  variations  of  instinct  arose 
and  were  continued  till  they  became  hereditary,  and  so  led 
to  a  parting  away  of  the  instincts  of  this  species  from  those 
of  its  allies.* 

For  the  sake  of  brevity  I  shall  here  confine  my  instances 
to  those  which  may  be  drawn  from  Birds. 

The  following  concise  statement  of  facts  relating  to  the 
strong  instinct  of  parasitism  in  the  only  two  genera  of  birds 
where  it  is  known  to  occur,  is  quoted  from  an  Editorial  note 
in  "Land  and  Water"  (Sep.  7,  1867),  and  (Msplays  very 
remarkable  and  instructive  cross-relations  as  regards  the 
existence  and  absence  of  this  instinct  in  the  sundbry  species 
composing  these  two  genera. 

"  The  only  non-cuculine  genus  of  birds  known  up  to  the 
present  time,  which  has  the  Iwbit  of  entrusting  its  egg  to  the 
charge  of  strangers,  is  tliat  of  the  cow-buntings  (Molothrus), 
and  the  parasitic  habit  of  M,  pecoris  of  North  America  has 
been  amply  described  by  the  ornithologists  cited  by  our 
correspondent.  There  are  several  other  species  of  this  genus, 
and  the  same  parasitic  habit  was  observed  in  another  of  them 
by  Mr.  Darwin.  The  Moloihn  are  birds  belonging  to  the 
great  American  family  of  Carnddm,  which  corresponds  to 
that  of  Stumidee  in  the  Old  World;  and  they  are  nearly 
akin  to  the  troopials  {Agelaiu»).  It  is  remarkable  that  not 
any  of  the  various  American  Cveulida  are  parasitic ;  whereas 
several  genera  of  this  family  inhabiting  the  major  continent 
and  its  islands,  with  Australia,  are  now  well  known  to  be  so. 

*  From  the  abore  remarks  it  will  appear  that  I  do  not  agree  with 
Mr.  Darwin  in  his  view,  expreated  in  the  Appendix,  that  case*  of  specifio 
variation  of  initinot  are  diffloultiee  in  the  way  of  his  theory  of  the  gradual 
development  or  evolution  of  instinct*.  On  the  contrary,  for  the  reasons 
given  above,  I  K«ard  such  oases  aa  corroborations  of  this  theory.  The 
source  of  this  diUerenoe  of  opinion  is,  thai  while  Mr.  Darwin  is  above  all 
thfngs  anxious  to  find  evidence  of  connecting  links  in  the  formation  of  an 
instiiCt,  I  feel  that  to  expect  such  evidence  in  every  case  of  instinct  would 
be  u'ureasonable,  if  not  inconsistent  with  the  theory  that  innumerable  in* 
stincts  owe  their  present  existence  to  the  destruction  through  natural  seleo- 
tiori  of  the  animals  which  presented  them  in  a  lesser  degiee  of  perfection.  I 
shall  recur  to  this  point  in  a  future  chapter. 
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First,  there  are  the  very  numerous  species  of  true  Cvmltis^ 
with  its  immediate  sub-divisions,  inhabitants  chiefly  of 
Southern  Asia,  Africa,  and  Australia.  Secondly,  the  crested 
cuckoos  {Coccystes),  exemplified  by  G.  glandarius,  which  is 
common  enough  in  Spain,  and  has  been  known  to  stray  into 
this  country.  This  bird  deposits  its  eggs  in  the  nests  of  mag- 
pies and  crows.  Another  species  (C.  melanoleucus),  which  is 
very  common  in  India,  selects  for  this  purpose  the  nests  of  a 
particularly  noisy  and  familiar  group  of  birds  in  that  part  of 
the  world,  often  called  'dirt-birds'  (Mcdacocercus) ;  and  as 
the  latter  lay  a  spotless  blue  egg,  similar  in  colour  to  that  of 
the  hedge-chanter  {Accentor  modidaris)  of  Europe,  the  egg  of 
the  particular  cuckoo  which  seeks  their  nests  is  of  a  nearly 
similar  spotless  greenish-blue  colour.  Another  very  common 
Indian  bird  of  this  family  is  the  koel  {Eudynamis  orientalis), 
the  male  of  which  is  coal-black,  with  a  ruby  eye,  and  the 
female  beautifully  speckled.  A  pair,  in  fine  condition,  may 
now  be  seen  in  one  of  the  a\daries  in  the  Zoological  Gardens. 
The  Indian  koel  invariably  deposits  its  egg  in  a  crow's  nest, 
p.nd  the  egg  is  not  unlike  that  of  a  crow  in  its  colouring  and 
markings.  Several  other  species  of  koel  inhabit  the  Asiatic 
islands,  and  there  is  one  in  Australia ;  and  as  the  koels  are 
not  migratory  birds,  it  follows  that  the  parasitic  habit  is  in- 
dependent of  any  migratory  necessity.  That  extraordinary 
cuculine  bird,  the  Australian  channel-bill  {Scythrops  novce- 
hollandim),  is  known  to  be  parasitic,  for  the  young  have  been 
repeatedly  seen  tended  and  fed  by  birds  of  other  species ;  and 
therefore  it  is  a  lapsus  penncB  on  the  part  of  Mr.  Gould,  in 
his  '  Handbook  of  the  Birds  of  Australia,'  describing  a  speci- 
men of  it  as  having  been  an  'incubating  female!"  But  the 
coucals  (Centropua),  very  common  and  conspicuous  birds  in 
Southern  Asia,  Africa,  and  Austmlia,  are  not  parasitic; 
neither,  we  have  reason  to  believe,  are  the  extensive  malkoha 
series  {Phoenicophaus  and  kindred  genera),  which  inhabit  the 
same  geographical  area.  Among  the  American  CttculidcB,  the 
species  of  Coccyzus  are  nearly  akin  to  the  crested  cuckoos 
{Coccystes)  of  the  major  continent ;  and  these,  like  the  para- 
sitic CuciUidce,  produce  their  eggs  at  considerable  intervals, 
so  that  eggs  and  young  of  different  ages  are  found  in  the 
same  nest ;  while  more  advanced  young,  that  had  quitted  the 
nest,  are  still  fed  by  their  parents  while  keeping  to  the 
immediate  vicinity  of  the  nest ;  as  may  likewise  be  observed 
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of  the  screech-owls  (Strix,  as  now  limited).  In  the  ani 
(CrotopJiaga),  which  have  much  in  common  with  the  coucals 
of  the  major  continent,  while  in  other  respects  their  habits 
are  very  peculiar  for  birds  of  this  family, '  an  immense  nest 
of  basket-work '  is  formed  by  the  united  labours  of  a  flock  of 
them,  usually  on  a  high  tree,  where  'many  parents  bring 
forth  and  educate  a  common  family.'  Mr.  Kichard  Hill, 
whose  statements  in  Jamaican  ornithology  are  worthy  of 
unlimited  confidence,  writes  Mr.  Gosse,  observes  :  '  Some 
half-dozen  of  them  together  build  but  one  nest,  which  is  large 
and  capacious  enough  for  them  to  resort  to  in  common,  and 
to  rear  their  young  ones  together.'  All  of  these  diversified 
facts  must  be  borne  in  mind  by  naturalists  who  would  try  to 
assign  a  reason  for  the  parasitic  habits  of  various  CiusulidcB,  as 
also  those  of  the '  cow-buntings,'  which  have  no  other  trait  in 
common  with  the  parasitic  genera  of  Cuculidce." 

The  Upland  Goose  of  South  America  furnishes  an  admir- 
able case  of  a  fixed  specific  variation  of  instinct.  These  birds 
are  true  geese  with  well  webbed  feet ;  yet  they  never  enter 
the  water  except  perhaps  for  a  short  time  after  hatching  their 
eggs,  when  they  do  so  for  the  protection  of  their  young. 
Similarly,  Mr.  Darwin's  MS  says  of  the  Upland  Geese  of 
Australia,  which  also  have  well  webbed  feet,  that "  they  are 
long-legged,  run  like  gallinaceous  birds,  and  seldom  or  never 
enter  the  water :  Mr.  Gould  informs  me  that  he  believes  they 
are  perfectly  terrestrial,  and  I  am  told  that  at  the  Zoological 
Gardens  these  birds  and  the  Sandwich  Islands  Goose  seem 
quite  awkward  in  the  water."  The  MS  also  points  out  that 
"the  long-legged  Flamingo  likewise  has  webbed  feet,  yet 
lives  on  marshes,  and  is  said  seldom  even  to  wade  except  in 
very  shallow  water.  The  Frigate  bird  with  its  extremely 
short  legs  never  alights  on  the  water,  but  picks  up  its  prey 
from  the  surface  with  wondrous  skill ;  yet  its  four  toes  are  aU 
united  by  a  web ;  the  web,  however,  is  considerably  hollowed 
out  between  the  toes,  and  so  tends  to  be  rudimentary. 

**  On  the  other  hand,  there  does  not  exist  a  more  thoroughly 
aquatic  bird  than  the  Grebe,  but  its  toes  are  only  widely 
bordered  by  membrane.  The  water-hen  may  be  constantly 
seen  swimming  about  and  diving  with  perfect  ease ;  yet  its 
long  toes  are  bordered  by  the  merest  fringe  of  membrane. 
Other  closely  allied  birds  belonging  to  the  genera  Crex,  Pasm, 
&C.,  can  swim  well,  and  yet  have  scarcely  any  traces  of  web; 
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moreover  their  extremely  long  toes  seem  adm^bly  adapted 
to  walk  over  the  softest  swamps  and  floating  plants ;  yet  the 
common  corncrake  belongs  to  one  of  these  very  genera,  and 
having  the  same  structure  of  feet,  haunts  meadows,  and  is 
scarcely  more  aquatic  than  a  quail  or  partridge." 

The  MS  goes  on  to  detail  other  and  analogous  cases,  such 
as  that  of  the  Ground-woodpecker,  Ground-paiTots,  and 
Tree-frogs,  which  have  abandoned  their  arboreal  habits ;  in 
all  which  cases  the  generic  stinictures  specially  adapted  to 
arboreal  habits  remain  Similarly  the  swallow-tailed  Hawk 
is  mentioned  as  catching  flies  on  the  wing  like  a  swallow ; 
a  Petrel — "  those  more  aerial  of  birds  " — which  has  assumed 
the  habits  of  an  Auk;  the  Water-ouzel,  a  member  of  the 
Thmsh  family,  which  runs  along  the  bottom  of  streams 
using  its  wings  for  diving  and  its  feet  for  grasping  stones 
under  the  water,  "  and  yet  the  keenest  observer  could  never 
have  foretold  this  singular  manner  of  life  from  the  most 
careful  examination  of  its  structure." 

All  the  above  cases  are  given  by  Mr.  Darwin,  not  in  re- 
lation to  Instinct,  but  to  enforce  his  argument  on  adaptive 
structures  being  developed  by  natural  selection  instead  of 
designed  in  special  creation.  But  I  have  used  them  in 
relation  to  the  development  of  Instinct,  because,  if  we  already 
believe  in  the  natural  evolution  of  organic  structures,  such 
cases  as  these  afibrd  the  best  possible  evidence  of  the  varia- 
tion of  instinct.  As  evolutionists  we  could  have  no  stronger 
testimony  to  the  previous  though  now  obsolete  instincts  of  a 
species,  than  that  which  is  supplied  by  the  presence  of  pecu- 
liar though  useless  structures  which  in  allied  species  are 
correlated  with  particular  instincts.  For  we  must  always  re- 
member, as  previously  observed,  that  instincts  are  never,  like 
structures,  fossilized,  and  therefore  that  we  can  never  obtain 
direct  historical  evidence  of  their  transmutation.  But  the 
best  substitute  for  this  evidence  is,  I  think,  such  testimony 
as  I  have  adduced  of  persisting  structures  pointing  to  obsolete 
instincts.  Similar  evidence  in  kind,  though  not  quite  so 
strong  in  d^ree,  is  furnished  by  cases  in  which  one  species 
of  a  genus,  or  one  genus  in  a  family,  exhibits  an  instinct 
peculiar  to  that  species  or  genus — i.e.,  cases  in  which  the 
instinct  does  not  occur  in  allied  species  and  genera ;  for  this 
shows,  if  we  already  accept  the  doctrine  of  the  tranpmutation 
of  species,  that  the  peculiar  instinct  must  have  arisen  in  the 
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particular  species  or  genus  in  question,  after  that  species  or 
genus  had  branched  o£f  from  the  more  ancestral  type.  Now 
such  cases  of  specific  instinct  are  by  no  means  rare — cases, 
I  mean,  like  that  of  the  Califomian  Woodpecker  (Melanerpes 
foi'micivonis),  which  displays  the  curiously  distinctive  instinct 
of  storing  acorns  in  the  crevices  of  the  bark  of  the  yellow 
pine  (Pinus  ponderosa)  for  future  food,  while  no  other  species 
of  woodpecker  shows  any  tendency  to  such  a  habit.*  But 
such  cases  of  instinct  peculiar  to  one  species  or  genus  are  so 
common  that  I  feel  it  would  be  needless  to  enumerate  them, 
in  view  of  the  more  conclusive  cases  just  given — cases  more 
conclusive  because  the  obsolete  instincts  happen  to  have  been 
of  a  kind  requiring  special  corporeal  structures  for  their 
operation,  which  now  survive  tlieir  ancestral  uses.f  Lastly, 
we  must  not  forget  the  important  fact  that  we  are  far  from 
being  wholly  without  evidence  of  the  transmutation  of  instinct 
taking  place  under  actual  observation — as  in  the  case  of  the 
ducks  in  Ceylon  having  quite  lost  their  natural  instincts 
with  regard  to  water  (in  this  resembling  the  upland  geese), 
sparrows  and  swallows  building  on  houses  instead  of  on  trees, 
insects,  birds  and  mammals  which  normally  feed  on  vegetable 
substances  suddenly  becoming  carnivorous,  &c.,  &c. ;  for  all 
these  cases  of  local  varieties  of  instinct  are  really  so  many 
cases  of  racial  varieties,  and  the  step  between  this  and  specific 
varieties  is  clearly  not  a  large  one. 

*  According  to  Mr.  C.  J.  Jackson  (Proe.  Boaton  Nat.  Hut.  Soe.,  toL  x, 
p.  227)  the  acomB  aelected  for  storing  are  only  those  which  are  infested  with 
maggots,  which  serve  as  food  for  the  young  in  the  following  spring ;  and  the 
acorns  are  driven  into  holes  specially  prepared  for  them,  and  which  fit  so 
well  that  the  maggots  when  they  come  to  maturity  are  unable  to  escape — 
being  therefore  imprisoned  in  a  larder  until  they  are  required  for  the  use  of 
the  young  birds.  See  also  J.  K.  Lord's  Naiuralut  in  Vancouver^ » Itland, 
ToL  1,  pp.  289-92,  and  The  IbU,  1868. 

t  The  most  suggestive  of  this  class  of  cases  are  those  in  which  the  species 
which  exhibits  the  instinct  peculiar  to  itself  happens  to  have  become  dis- 
persed over  wide  geographical  areas  since  the  instinct  arose,  and  being  there- 
fore now  found  in  different  parts  of  the  world,  living  under  different 
conditions  of  life,  and  yet  retaining  the  same  peculiar  instinct.  Thus,  for 
instance,  "  in  all  quarters  of  the  slobe  species  of  trap-door  spiders  are  found 
occurring  in  more  or  less  localiied  areas,*'  and  the  harvesting  ants  of  Europe 
and  America  belong  to  the  same  genus.  The  South  American  Thrush  lines 
its  nest  with  mud  in  the  same  wapr  as  does  our  own  Thrush,  the  Hombills  of 
Africa  and  of  India  in  their  nidification  show  the  same  neouliar  instinct  of 
imprisoning  their  hens  in  holM  of  trees  with  plaster,  dco.,  &c. 
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CHAPTER  XVII. 

Instinct  (amtimied). 

Examination  of  the  Theories  op  other  Writers  on  the 
Evolution  of  Instinct,  with  a  General  Summary  of 
the  Theort  here  Set  Forth. 
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Mill,  from  ignoring  the  broad  facts  of  heredity  in  the 
region  of  psychology,  may  be  said  to  deserve  no  hearing  on 
the  subject  of  instinct ;  and  the  same,  though  in  a  lesser 
degree,  is  to  be  remarked  of  Bain.  Herbert  Spencer,  and  his 
expositor  Fiske,  express  with  strong  in^iistence  the  view  that 
natural  selection  has  been  of  very  subordinate  importance  as 
an  evolving  source  of  instinct.  Lewes  virtually  ignores 
natural  selection  altogether,  but  nevertheless  is  not  in  agree- 
ment with  Spencer,  inasmuch  as  Spencer  regards  instinct  as 
"  compound  reflex  action,"  and  the  precursor  of  intelligence, 
while,  as  we  have  already  seen,  Lewes  regards  it  as  "  lapsed 
intelligence,"  and  therefore  necessarily  the  successor  of  in- 
telligence. Thus,  while  Lewes  maintains  that  all  instincts 
must  originally  have  been  intelligent,  Spencer  maintains 
that  no  instinct  need  ever  have  been  intelligent.*  The 
deUverance  of  Darwin  upon  this  subject  I  shall  render 
bye-and-by. 

The  position  of  Mr.  Spencer  is  severely  logical,  and  this 
renders  easy  the  definition  of  the  points  wherein  I  here  dis- 
agree with  him.  His  argument  is  that  instinctive  actions 
grow  out  of  reflex,  and  in  turn  pass  into  intelligent  actions, 
so  that  in  his  terminology  an  instinctive  action  need  never 
have  been  intelligent,  and  an  intelligent  action  need  never 
become  instinctive.  He  is  express  in  saying  that  although 
"  in  its  higher  forms.  Instinct  is  probably  accompanied  by  a 

*  I.e.,  no  true  iiutinctiTe  action  occurring  in  all  indiriduali  of  a  tpeeiM ; 
he  noogniiM  the  principle  of  lapsing  intelligence  in  individuaU, 
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rudimentary  consciousness,"  nevertheless  this  consciousness 
is  not  essential  to  the  formation  of  the  instinct ;  but,  on  the 
contrary,  is  an  effect  of  the  growing  complexity  of  the  in- 
stinct— "the  quick  succession  of  changes  in  a  gahglion, 
implying  as  it  does  peipetual  experiences  of  differences  and 
likenesses,  constitutes  the  raw  material  of  consciousness; 
the  implication  is  that  as  fast  as  instinct  is  developed,  some 
kind  of  consciousness  becomes  nascent." 

Now,  although  we  have  seen  in  a  previous  chapter  that 
this  view  contains  much  truth — and  truth  that  is  of  special 
value  in  relation  to  the  development  of  Consciousness — it 
appears  to  me  impossible  to  obtain  by  it  a  complete  explana- 
tion of  the  phenomena  of  instinct.  Multitudes  of  facts  of 
the  kind  which  I  have  j^ven  may  be  rendered  to  prove  that 
many  of  the  higher  instincts  can  only  have  arisen  by  way  of 
"  lapsed  intelligence ;"  so  that  if  I  were  called  upon  to  adopt 
either  the  extreme  view  of  Spencer,  which  abolishes  intelU- 
gence  and  even  consciousness  as  a  factor  in  the  formation  of 
instinct,  or  the  extreme  antithetical  view  of  Lewes,  which 
ignores  reflex  action  with  natural  selection  as  other  factors  in 
the  process ;  I  should  feel  less  difficulty  in  choosing  the  latter 
than  the  former.  Not  only  do  many  of  the  higher  instincts 
bear  internal  evidence  of  having  been  at  some  period  of  their 
history  determined  by  intelligence,  and  not  only  do  many  of 
these  higher  instincts  now  show  themselves  to  be  plastic 
under  an  admixture  with  "a  little  dose  of  judgment,"  but  the 
examples  of  instinct  which  are  chosen  by  Mr.  Spencer  are 
not,  strictly  speaking,  examples  of  instinct  at  all.  They  are 
chosen  as  illustrations  because  they  are  the  simplest  cases  of 
what  is  ordinarily  called  instinct,  and  so  lie  nearest  to  reflex 
action ;  if,  however,  we  pause  to  examine  any  of  them,  we 
find  that  they  are  not  true  instincts,  but  cases  of  more  or  less 
elaborate  neuro-muscular  adjustment,  or,  in  his  own  words, 
of  "  compound  reflex  action."  And  the  fact  that  he  defines 
or  "  describes  "  instinct  as  oouipound  reflex  action  does  not 
carry  any  proof  that  his  doctrine  is  correct.  To  call  a  spade 
a  club,  and  then  aigue  that  because  it  is  a  dub  it  cannot  be  a 
spade,  is  futile ;  the  question  consists  in  the  validity  of  the 
definition.  Now  it  is  just  because  we  cannot  draw  a  line 
between  simple  reflex  action  and  "  compound  reflex  action/' 
so  as  to  say  tnat  the  one  is  mechanical  and  the  other  instinc- 
tive, that  I  have  drawn  the   line  at  consciousness,  and 
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denominate  all  actions  wbich  occur  below  this  line  (howsoever 
compound)  reflex,  while  re«ierving  the  term  instinctive  for 
habitual  actions  (howsoever  sim]Me)  into  which  there  enters 
tliis  element  of  consciousness.  And  in  doing  this  I  feel 
certain  that  I  am  not  merely  imparting  clearness  to  our 
classification,  but  also  following  the  dimly  intended  meaning 
of  the  term  instinct  as  ordinarily  used.  No  one  thinks  of 
sneezing,  or  of  the  convulsions  produced  by  tickling,  as 
examples  of  instinctive  accions ;  yet  they  are  "  compound 
reflex  actions "  to  a  degree  of  compounding  not  easily 
paralleled,  and  certainly  much  more  so  than  any  of  the  non- 
psychical  adjustments  which  are  given  by  Mr.  Spencer  as 
illustrations  of  instinct. 

These  illustrations  have  reference  to  pol3rps  and  creatures 
with  nidimentary  eyes,  wherein  the  reactions  to  stimuli 
described  appear  to  me,  as  I  have  said,  in  no  way  to  deserve 
to  be  called  instinctive.  For  instance,  he  shows  Iiow  it  is 
possible  that  without  survival  of  the  fittest  and  without 
intelligent  adjustment,  "  psychical  states  being  habitually 
connected,  must,  by  repetition  in  countlest^  generations, 
become  so  coherent  that  the  special  visual  impression  will 
directly  call  forth  the  muscular  actions  by  which  prey  is 
seized.  Eventually,  the  sight  of  a  small  object  in  front  will 
cause  the  various  motions  requisite  for  the  capture  of  prey." 
But  even  in  this,  the  most  extreme  case  supposed,  if  there  is 
not  and  never  has  been  any  consciousness  concerned,  the 
complex  adjustment  is  in  no  way  distinguishable  from  a 
reflex  action.  When  I  observed  jelly-fish  crowding  into  the 
path  of  a  sunbeam  shining  through  a  darkened  tank,  and  saw 
that  they  did  so  in  order  to  follow  the  crustaceans  on  which 
they  feed  and  which  always  seek  the  light,  I  described  the  case 
as  one  of  reflex  action,  the  development  of  which  had  no  doubt 
been  largely  assisted  by  natural  selection ;  and  I  should  still 
regard  it  as  a  misnomer  to  call  it  a  case  of  instinct.  For,  on 
the  one  hand,  such  cases  ave  not  nearly  so  complex  in  the 
neuro-m  iscular  machinery  which  they  betoken  as  are  many 
or  most  of  the  reflex  actions  exhibited  by  the  higlier  animals, 
and,  on  the  other  hand;  if  we  were  to  call  them  instincts,  so 
also  should  we  require  to  call  every  other  case  of  reflex  action. 
It  is,  indeed,  impossible,  as  I  said  at  the  commencunient  of 
those  chapters  on  Instinct,  always  in  particular  cases  to  draw 
the  line  between  instinct  and  reflex  action ;  but,  as  I  like- 
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wise  said,  "this  is  altogether  a  separate  matter"  and  has 
nothing  to  do  with  defining  what  instinct  is.  And  cert  linly, 
as  I  there  showed,  instinct  is  something  more  than  reflex 
action ;  "  there  is  in  it  the  element  of  mind." 

Moreover,  if  we  were  to  classify  these  and  all  other  cases 
of  still  more  coxii  pound  reflex  action  under  the  designation  of 
instinct,  there  would  be  no  category  left  in  which  to  place  .ill 
cases  of  true  instinct,  i.e.,  cases  where  consciousness  is  necessary 
to  the  performance  of  an  action  which  but  for  the  occurrence  of 
consciousness  would  be  properly  classified  as  a  reflex  action. 
Of  course  if  we  choose  we  may  altogether  ignore  the  distinc- 
tion which  the  occun-ence  of  consciousness  in  an  action 
imposes,  and  so  classify  all  reflex  actions  and  all  instinctive 
actions  under  one  denominatiou ;  but  this  is  not  what 
Mr.  Spencer  professes  to  do.  He  Oraws  a  distinction  between 
reflex  action  and  instinct ;  but  he  does  not  draw  it  at  con- 
sciousness ;  and  the  result  is  that  while  no  real  distinction  is 
drawn  between  the  two  (for  compound  reflex  action  is  still 
nothing  more  than  a  mechanical  advance  upon  simple  reflex 
action),  the  great  distinction  which  actually  exists  is  ignored. 
Let  us  take  an  illustration.  The  giving  of  suck  to  young  by 
mammals  must  be  regarded  as  a  truly  instinctive  act.  Why  ? 
I  answer,  for  one  reason,  because  the  animal  which  peiforms 
the  action  is  conscious  of  performing  it.  If,  on  thu  other 
hand,  the  young  animal  which  is  taking  the  suck  is  too  young 
(as  in  the  case  of  the  Kangaroo)  to  be  reasonably  supposed 
conscious  of  performing  its  part  in  the  process,  I  sliould  say 
that  the  action  of  the  young  animal  is  to  be  regp  rdod  as  reflex. 
But  Mr.  Spencer  would  classify  both  these  actions  under  the 
common  designation  of  instinctive.  Suppose,  then,  that  this 
is  done,  and  what  should  we  say  to  this  case  from  among  the 
jwlyps?  McCready  describes  a  species  of  Medusa  which 
carries  its  larvae  on  the  inner  side  of  its  bell-like  body.  The 
mouth  and  stomach  of  the  Medusa  hang  down  like  the 
tongue  of  a  bell,  and  contain  the  nutrient  fluids.  McCready 
observed  this  depending  organ  to  be  moved  first  to  one  side 
and  then  to  the  other  side  of  the  bell,  in  oi'der  to  give  suck 
to  the  larvn3  on  the  sides  of  the  bell — the  larviu  dipping  their 
long  noses  into  the  nutrient  fluids  which  that  organ  of  the 
parent's  body  contained.  Now  if  this  case  occurred  in  any 
of  the  higher  animals,  whei-o  wo  might  suppose  inteUigent 
consciousness  of  its  occurrence  to  bu  present,  it  would  pro- 
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perly  be  regarded  as  a  case  of  instinct.  But  as  it  occurs  in 
an  animal  so  low  in  the  scale  as  a  jelly-fish,  we  are  not 
warranted  in  assuming  the  presence  of  an  intelligent  percep- 
tion of  the  process,  and  therefore  in  my  view  we  must  classify 
the  case,  not  as  one  of  instinct,  but  as  one  of  reflex  action, 
which,  like  all  other  cases  of  complex  reflex  action,  has 
probably  been  developed  b^  natural  selection.  But  it  would 
follow  from  Mr.  Spencer's  view  that  the  case  must  be  classified 
as  one  of  instinct,  and  therefore  as  presenting  no  point  of 
psychological  distinction  from  that  of  giving  suck  in  the  case 
of  a  mammal.  Surely  it  is  a  more  philosophical  mode  of 
constructing  a  psychological  classification,  to  acknowledge  the 
great  distinction  which  the  presence  of  a  psychical  element 
makes  between  two  such  cases  as  these ;  and,  if  so,  tho  dis- 
tinction stated  in  its  simplest  terms  is  the  one  which  1  have 
already  stated — viz.,  that  while  the  stimulus  to  a  reflex  action 
is  at  most  a  sensation,  the  stimulus  to  au  instinctive  action 
can  only  be  a  perception. 

In  my  opinion,  then,  Mr.  Spencer's  tlieory  of  the  forma- 
tion of  instincts  is  seriously  at  fault  in  that  it  fails  to  distin- 
guish the  most  essential  feature  of  instinct ;  moreover  it  does 
not  recognize  the  important  principle  of  the  lapsing  of  intelli- 
gence, and  thus  fails  to  account  for  the  very  existence  of  that 
whole  class  of  instincts  which  I  have  called  secondary.  Next 
I  have  to  show  that  this  theory  is  further  defective  in  that  it 
fails  to  recognize  sufficiently  the  other  and  no  less  important 
principle  of  natural  selection,  and  so  in  lar^o  measure  fails 
to  account  for  the  existence  of  that  whole  class  of  instincts 
which  I  have  called  primary.  Thus,  he  says  expressly  with 
reference  to  instinct,  "  while  holding  survival  of  the  fittest  to 
be  always  a  co-operating  cause,  I  believe  that  in  cases  like 
these  it  is  not  the  chief  cause."*  Now  it  so  happens  that  the 
"  cases  "  of  which  he  is  speaking  are  those  of  the  artificial 
instincts  of  pointers,  retrievers,  and  other  domestic  animals ; 
hence  by  "  survival  of  the  fittest,"  we  must  understand 
artificial  selection  (which  is  here  the  analogue  of  natural 
selection  among  wild  animals),  and  therefore  the  remark 
happens  to  be  particularly  unfortunate  in  the  connection  iu 
which  it  occurs,  seeing  it  is  perfectly  certain  that  but  for  the 
most  careful  and  continued  selection  by  man,  our  pointers 
and  retrievers  would  never  have  come  into  existence.    But 

*  PrimeipUt  of  PtgeMcfijf,  i,  p.  418. 


EXAMINATION  OF  THE  THEORIES  OF  OTHER  WRITERS.      261 

even  as  regards  the  instincts  of  wild  animals  the  judgment  in 
question  appears  to  me  no  less  objectionable.  How,  for 
instance,  are  we  to  account  by  any  process  of  "  direct  equili- 
bration "  for  the  incubating  instinct,  cell-making  instinct,  the 
instinct  of  cocoon-spinning,  not  to  mention  all  the  other 
primary  instincts  which  I  have  considered,  nor  again  to  repeat 
all  the  proof  of  the  variability  and  heredity  of  acquired 
habits  ? 

Still,  having  thus  shown  as  clearly  as  I  can  that  in  my 
opinion  Mr.  Spencer  certainly  attributes  much  too  little  to 
the  influence  of  natural  selection  in  the  formation  of  instincts, 
and  also  that  I  think  he  has  committed  a  still  graver  over- 
sight by  altogether  ignoring  the  influence  of  lapsing  intelli- 
gence, I  shall  next  show  that  his  argument  is  of  use  in  dis- 
covering another  consideration  which,  for  the  sake  of  avoiding 
confusion,  I  have  hitherto  suppressed.  His  argument  briefly 
stated  is  that  instincts  may  arise  independently  both  ct 
natural  selection  and  of  lapsing  intelligence,  by  "  direct 
e(]  uilibration  "  alone ;  he  supposes  them  to  arise  immediately 
out  of  reflex  action.  Now,  although  we  have  seen  that  if 
such  is  the  case  they  ought  not  to  be  called  instincts,  ttrUesa 
they  present  a  mental  constituent,  still  they  must  be  called 
instincts  if,  as  he  further  supposes,  the  growing  complexity  of 
the  reflex  process  culminates  in  evolving  such  an  element 
We  have  already  seen,  while  treating  of  the  dawn  of  con- 
sciousness, that  this  most  probably  is  the  way  in  which  the 
mind-element  arose,  and,  if  so,  Mr.  Spencer's  argument  does 
present  a  possible  third  mode  in  which  many  of  the  simpler 
instincts— or  instincts  of  the  lowest  animals — may  nave 
taken  origin.  This  third  mode,  it  will  be  observed,  is  the 
converse  or  opposite  of  that  which  we  have  called  tlie 
lapsing  of  intelligence ;  it  is  a  mode  which  leads  up  to  or 
culminates  in  consciousness  (when  for  the  first  time  the  action 
ceases  to  be  reflex  and  becomes  instinctive),  instead  of  de- 
scending or  becoming  degraded  into  unconsciousness.  Now, 
that  such  a  process  may  take  place,  is,  I  think,  on  d  priori 
grounds  very  probable,  although  from  the  nature  of  the  case 
It  is  not  possible  to  find  proof  of  its  occun*ence ;  for  if  it  does 
occur,  it  can  only  do  so  among  the  lowest  animals,  where  we 
are  not  able  to  obtain  evidence  of  consciousness  even  if  in- 
cipiently  j)resent.  Therefore,  as  the  process  can  only  refer  to 
the  genesis  of  actions  which  occupy  the  doubtful  border-laud 
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between  the  reflex  and  the  instinctive,  this  possible  third 
mode  in  which  rudimentary  instincts  may  arise  need  not  claim 
consideration  with  reference  to  the  origin  of  instincts  in 
general,  although  the  subject  is,  as  we  have  seen,  of  much 
miportance  in  relation  to  the  origin  of  consciousness. 

It  only  remains  to  point  out  that  if  instincts  ever  do 
arise  by  way  of  this  third  mode,  the  implication  would  appear 
to  be,  as  Mr.  Spencer  admits,  that  "  survival  of  the  httest 
must  always  be  a  co-operating  cause."  I  should,  however, 
even  here  be  inclined  to  go  further,  and  to  say  that  survival 
of  the  fittest  must  in  this  co-operation  be  of  more  than  the 
subordinate  importance  which  Mr.  Spencer  attributes  to  it. 
For  instance,  taking  again  the  case  of  the  Medusas  seeking 
the  light,  and  supposing  the  action  to  have  become  dimly 
conscious  and  so  incipiently  instinctive ;  when  the  tendency 
to  seek  the  light  first  began  to  manifest  itself,  and  the  indi- 
viduals which  sought  the  light  were  thereby  enabled  to  pro- 
cure more  food  than  those  which  did  not,  natural  selection 
would  at  once  begin  to  develop  the  reflex  association  between 
luminous  stimulation  and  movement  towards  light.  Here,  in 
fact,  the  intervention  of  any  other  cause  of  a  directly  equili- 
brating kind  seems  out  of  the  question,  inasmuch  as,  apart 
from  high  intelligence,  which  ex  hypothed  is  absent,  there 
coiild  be  no  bond  of  union  between  the  stimulus  supplied  by 
light  and  the  obtaining  of  food  in  the  light.  Only  by  natural 
selection  could  such  a  bond  have  here  been  established ;  and 
the  same  considerations  apply  to  many  or  most  of  the  quasi- 
instinctive  actions  exhibited  by  low  animals. 

So  much  then  for  the  view  which  would  regard  all  ih 
stincts  as  outgrowths  of  reflex  action.  But  scarcely  loss 
objectionable  is  the  other  extreme  view  which  would  rtv.'aril 
all  instincts  as  outgrowths  of  intelligence.  This,  p  miv 
said,  is  tlie  view  expressed  by  Lewes,  and  also,  1  n  .  ^.dd,  I))' 
the  Duke  of  Argyll,  who  seems  never  to  have  read  Mr. 
Darwin's  doctrine  of  the  development  of  instincts  by  natir  .il 
selection.*  But  be  individual  opinion  what  it  may,  8u^3l>  it 
is  sufficiently  evidunt,  as  pointed  out  at  the  commencement 
of  cur  discussion,  thut  to  assign  all  instincts  to  an  intelligent 

*  See  Contemporary  Review,  November,  1880,  vrhoro  tho  Duke  argiiet 
that  the  origin  of  nianj  initinct«  i>  lioiMileisly  obscure,  because  they  cannot  bu 
explained  bv  the  unMdod  principle  of  hipaing  intelligonco — without  oiuo 
alluding  to  tiio  immense  field  of  possibilitie*  which  is  opened  up  by  tho  intro- 
duotion  of  the  principle  of  natural  selection. 
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origin  is  a  hopeless  attempt  at  making  a  valid  explanation  of 
one  thing  a  satisfactory  explanation  of  another. 

Eecognizing,  then,  in  the  light  of  all  the  foregoing  facts, 
both  the  principles  which  are  concerned  in  the  development 
of  instincts,  I  shall  now  pass  on  to  state  the  opinion  of  Mr. 
Darvrin. 

In  the  "  Origin  of  Species  "  he  writes  (pp.  206-7),  "  If 
we  suppose  any  habitual  action  to  become  inherited — and  it 
can  be  shown  that  this  does  sometimes  happen — then  the 
resemblance  between  what  originally  was  a  habit  and  an 
instinct  becomes  so  close  as  not  to  be  distinguished.  If 
Mozart,  instead  of  playing  the  pianoforte  at  three  years  old 
with  wonderfully  little  practice,  had  played  a  tune  with  no 
practice  at  all,  he  might  truly  be  said  to  have  done  so  iustiuo 
tivoly.*  But  it  would  be  a  serious  error  to  suppose  that  the 
greater  number  of  instincts  have  been  acquired  by  habit  in 
one  generation,  and  then  transmitted  by  inheritance  to  suc- 
ceeding generations.  It  can  be  clearly  shown  that  the  most 
wonderful  instincts  with  which  we  are  acquainted,  namely, 
those  of  the  hive-bee  and  of  many  ants,  could  not  possibly 
have  been  acquired  by  liabit. 

"  It  will  be  universally  admitted  that  instincts  are  as 
important  as  corporeal  structures  for  the  welfare  of  each 
species,  under  its  present  conditions  of  life.  Under  changed 
conditions  of  life,  it  is  at  least  possible  that  slight  modifica- 
tions of  instinct  might  be  profitable  to  a  species ;  and  if  it 
can  be  shown  that  instincts  do  vary  ever  so  little,  then  I  can 
see  no  difticulty  in  natural  selection  preserving  and  continu- 
ally accumulating  variations  of  instinct  to  any  extent  that 
was  prutitable.  It  is  thus,  I  believe,  that  all  the  more  com- 
plex and  wonderful  instincts  have  originated.  A^i  modifica- 
tions of  corporeal  structures  arise  from,  and  are  increased  by, 
use  or  habit,  and  are  diuunished  or  lost  by  disuse,  so  I  do 
not  doubt  it  has  been  with  instincts.  But  I  believe  that  the 
effects  of  habit  are  in  many  cases  of  subordinate  importance 
to  the  eft'ucts  of  natural  selection  of  what  may  be  called 
spontaneous  variations  of  instincts; — that  is  of  variations 


*  From  this  it  will  bo  observod  that  by  tho  plimtos  "  inherited  Iiabit," 
"  habitiml  actions  becoming  inherited,"  &o.,  Mr.  Darwin  means  to  allude  to 
tho  principle  of  luiMing  intelligence.  This  must  bo  borne  in  mind  while 
reodinu  these  quotations,  where  "  hubit "  is  always  used  in  the  sense  uf  intelli- 
gent adjustment  which  baa  become  partly  automatic  iit  tho  individual. 
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produced  by  the  same  unknown  causes  which  produce  slight 
deviation  of  bodily  structure." 

Again,  in  the  "  Descent  of  Man,"  he  repeats  substantially 
the  same  judgment  (pp.  67-8) ;  and  among  his  MSS  I  find 
the  following  passage,  which  I  shall  quote  because  it  serves  to 
convey  his  opinion  in  a  still  more  clear  and  emphatic  manner. 

"  Although,  as  I  have  attempted  to  show,  there  is  a  strik- 
ing and  close  parallelism  between  habits  and  instincts ;  and 
although  habitual  actions  and  states  of  inind  do  become  here- 
ditary, and  ma>  then,  as  far  as  I  can  see,  most  properly  be 
called  instinctive ;  yet  it  would  be,  I  believe,  the  greatest 
error  to  look  at  the  great  majority  of  instincts  as  acquired 
through  habit  and  become  hereditary.  I  believe  that  most 
instincts  are  the  accumulated  result,  through  natural  selec- 
tion, of  slight  and  profitable  modifications  of  other  instincts ; 
which  modifications  I  look  at  as  due  to  the  same  causes 
which  produce  variations  in  corporeal  structure.  Indeed,  I 
suppose  that  it  will  hardly  be  doubted,  when  an  instinctive 
action  is  transmitted  by  inheritance  in  some  slightly  modified 
form,  that  this  must  be  caused  by  some  slight  change  in  the 
organization  of  the  brain.  (Sir  B.  Brodie,  'Psychological 
Enquiries,'  1854,  p.  199.)  But  in  the  case  of  the  many 
instincts  which,  as  I  believe,  have  not  at  all  originated  in 
hereditary  habit,  I  do  not  doubt  that  they  have  been 
strengthened  and  peri'ected  by  habit;  just  in  the  same 
manner  as  we  may  select  corporeal  structures  conducing  to 
fieetness  of  pace,  but  likewise  improve  this  quality  by  train- 
ing in  each  generation." 

Fram  these  quotations  it  is  evident  that  Mr.  Darwin 
clearly  recognized  both  the  lapsing  of  intelligence  and  natural 
selaction  as  operating  causes  in  the  formation  of  instinct; 
luit  that  ho  regarded  natural  selection  as  the  more  important 
of  thu  two.  Although,  however,  he  does  not  expressly  say 
80, 1  cannot  doubt — in  fact  I  know — that  lie  fully  recognized 
th(i  importance  uf  intelligence  in  supplying  adaptive  as  dis- 
tinguished from  fortuitous  variations  to  be  seized  upon  by 
natural  selection.  Viewed  in  this  relation,  natural  selection 
may  be  deemed  a  promoting  cause  of  the  lapsing  of  intelli- 
gence into  instinct,  and  the  two  principles  working  in  con- 
jimction  must,  I  think,  be  more  potent  than  either  working 
alone.  But  if  I  were  asked  which  oi  the  two  1  deem  more 
important,  I  should  say  that  natural  selection  must  be  held  to 
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have  the  pre-eminence,  inasmuch  as  the  principle  of  lapsing 
intelligence  can  demonstrably  have  had  no  part  at  all  in  the 
formation  of  the  "  most  complex  and  wonderful  instincts  " 
with  which  we  are  acquainted — ^viz.,  those  of  the  social 
Hymenoptera.*  And  this,  as  we  have  seen,  is  the  judgment 
of  Mr.  Darwin,  which  therefore  appears  to  me,  in  considerar 
tion  of  all  the  reasons  which  I  have  now  stated,  to  be  the 
truest  judgment — and  this  without  reference  to  the  unap- 
proachable authority  upon  the  subject  with  which  he  must  be 
held  to  speak. 

General  Summary  on  Instinct. 

For  the  sake  of  rendering  clear  the  relations  which  the 
sundry  principles  that  are  concerned  in  the  formation  of 
instinct  bear  to  one  another,  I  append  a  diagram  which  is 
designed  to  show  these  relations  in  a  graphic  form.  After 
what  has  now  been  said  it  is  only  needful,  for  the  purpose  of 
explaining  the  diagram,  to  observe  the  following  points.  The 
little  twigs  which  are  represented  as  growing  out  of  the  large 
branches  or  principles,  are  intended  to  represent  instincts, 
and  I  have  inserted  them  in  order  to  mark  the  only  principles 
from  which  instincts  (in  accordance  with  my  definition  of 
instincts)  are  able  to  spring.  Here  and  there  I  have  repre- 
sented the  branching  structure  of  these  instincts  as  inarchmg 
with  one  another — a  device  which  is  intended  to  display 
what  I  take  to  be  an  important  additional  principle,  viz., 
that  fully-formed  instincts  may  occasionally  blend,  so  giving 
rise  to  new  instincts;  this  may  be  due  either  to  novel 
circumstances  leading  to  an  intentionally  adaptive  blending 

*  It  U  deroonstroble  that  lapsing  intelligence  can  bare  played  no  part  in 
the  formation  of  these  instincts,  berause  the  "  workers,"  botn  among  bees  and 
ants,  are  sterile.  Lewes  can  never  have  had  this  particular  case  presented  to 
his  mind,  for  it  proves  his  theory  of  lapsing  intellisenoe  alone  insuffiuient. 
It  is  likewise  incompatible  with  Spencer's  theory.  Thus,  for  instance,  he 
writes : — "  The  automatic  actions  of  a  bee  building  one  of  its  wax  cells, 
answer  to  outer  relations  so  constantly  experienced  that  they  are,  as  it  were, 
orranioally  remembered  "  (PrtHctplet  qf  Piifchologif^  i,  p.  445).  But  he  for^ts, 
us  Lewes  also  forgot,  that  the  insect  whion  performs  these  automatic  actions 
has  not  thus  "  constantly  experienced  "  the  "  outer  relations,"  for  it  begins  by 
performing  these  actions  betore  it  has  itself  had  anv  individual  experience  of 
Qoll>making,  and  without  its  parents  ever  having  haa  any  ancestral  experience. 
In  the  whole  range  of  instincts  no  more  unfortunate  illustration  could  have 
been  chosen  by  Mr.  Spencer.  How  the  diflioulty  is  met  by  Mr.  Darwin't 
theory  I  shall  consider  at  the  beginning  of  the  next  chapter. 
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of  instinctive  habits,  or  to  an  originally  conscious  imitation 
by  one  species  of  the  instinctive  habits  of  another.  Lastly, 
I  have  joined  the  two  tree-like  growths  at  their  summits  in 
order  to  represent  the  fact  that  intelligent  and  non-intelligent 
adaptation,  or  primary  and  secondary  instincts,  may  fuse 
together  and  then  possess  a  common  sap  or  principle  of 
further  growth.  I  have  also  represented  such  union  between 
the  two  sides  of  the  diagram,  primary  and  secondary,  to  take 
place  at  one  other  point — viz.,  between  the  branch  Primary 
Instinct  and  the  branch  Intelligent  Variation  of  Secondary 
Instinct.  I  do  this  to  bring  out  into  stronger  prominence  the 
fact  that  when  once  a  non-intelligent  or  primary  instinct  has 
been  formed,  it  is  most  ready  to  join  with  and  become  fertilised 
by  the  principle  of  intelligence  at  any  point  where  this 
principle  is,  as  it  were,  mobile,  or  not  yet  fixed  and  frozen 
into  secondary  instinct.  But  the  most  important  thing  to 
remember  is  that  whether  instincts  have  had  an  intelligent  or 
a  non-intelligent  mode  of  origin,  they  may  at  any  time  after 
their  full  formation  come  into  contact  with  intelligence  at  any 
point;  so  that  the  two  sides  of  our  diagi*am  (being  the 
embodiment  of  all  the  foregoing  evidence  upon  the  subject) 
illustrate  at  once  the  truth  and  the  falsity  of  the  common 
opinion  which  has  been  so  neatly  rendered  by  Pope,  when 
he  says  of  instinct  and  reason  that  they  are  things  "  for  ever 
separate,  yet  for  ever  near." 

I  shall  now  proceed  to  give  a  general  summary  of  all  the 
preceding  chapters  on  Instinct 

After  defining  the  sense  in  which  alone  I  use  the  word 
Instinct,  I  proceeded  to  give  a  few  illustrations  of  the  perfec- 
tion of  instinct  as  exhibited  by  very  young  animals,  or  by 
animals  without  individual  experience  of  the  circumstances 
to  which  their  instinctive  actions  are  adapted.  Next  I  gave 
a  few  complementary  illustrations  of  the  imperfection  of  in- 
stinct, and  pointed  out  that  such  imperfection  might  arise, 
either  from  a  change  in  the  conditions  of  the  environment  to 
which  the  ancestral  instinct  was  adapted,  or  from  the  fact  that 
the  instinct  is  not  yet  completely  formed.  I  also  showed  tliat 
imperfection  of  instinct  mig}it  arise  from  internal  or  psycho- 
logical changes  throwing  out  of  gear  the  delicate  mechanism 
on  which  the  perfect  display  of  instinct  depends.  In  this 
connection  I  gave  instances  to  prove  that  such  derangement 
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of  instinct  is  particularly  apt  to  arise  when  the  normal 
liistory  of  an  animal's  converse  with  its  environment  is 
interrupted  for  a  time  and  again  renewed.  I  also  gave  one 
case  of  such  derangement  where  there  had  been  no  sucli 
interruption,  and  which,  therefore,  may  most  properly  be 
regarded  as  a  case  of  insanity. 

If  instincts  are  slowly  evolved,  we  should  expect  to  meet 
with  some  cases  in  which  they  are  not  yet  fully  evolved,  and, 
as  just  observed,  for  this  reason  imperfect.  Such  cases  we 
do  find — as,  for  example,  young  turkeys  pointing  at  iiies, 
young  chickens  being  half  afraid  of  bees,  rabbits  only  toddling 
instead  of  running  away  from  weasels,  &c.,  &c.  We  may 
also  see  instincts  in  course  of  development  among  young 
children  learning  to  balance  the  head,  to  walk,  to  speak,  &c. 
Moreover  all  cases  of  the  education  or  improvement  of  ui- 
stinct,  whether  in  the  individual  or  in  the  race,  are  so  many 
coses  of  the  original  imperfection  of  instinct.  But  this 
brought  us  directly  into  the  question  as  to  the  origin  of 
instincts. 

I  have  endeavoured  to  prove  that  the  origin  of  instincts 
may  be  what  I  have  called  either  primary  or  secondary. 
That  is  to  say,  I  believe  there  is  ample  evidence  to  show  that 
instincts  may  arise  either  by  natural  selection  fixing  on  pur- 
poseless habits  which  chance  to  be  profitable,  so  converting 
these  habits  into  instincts  without  intelligence  being  ever 
concerned  in  the  process ;  or  by  habits,  originally  intelligent, 
becoming  by  repetition  automatic.  As  an  example  of  a 
primary  instinct  I  gave  incubation;  and  as  examples  of 
secondary  instincts  I  gave  sundry  cases  of  "  practice  making 
perfect."  On  d  priori  grounds  we  saw  that  instincts  must 
arise  by  the  processes  thus  explained,  and  then  we  proceeded 
to  render  h  posteriori  proof  that  they  have.  This  proof  under- 
took to  show  that  purposeless  habits  occur  in  individuals,  are 
inherited,  vary,  have  their  variations  inherited,  and  then 
developed  in  beneficial  lines  by  natural  selection ;  also  that 
liabits  originally  intelligent  by  repetition  become  automatic, 
and,  having  lapsed  from  intelligence,  are  then  inherited  as 
instincts,  which  may  then  vary,  have  their  variations  inherited 
and  developed  in  beneficial  lines  by  natural  selection,  as  in 
the  previous  and  analogous  case.  These  sundry  proposi- 
tions were  substantiated  by  showing,  first,  that  tricks  of 
manner  are  displayed  more  or  less  by  every  one,  and  especially 
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by  idiots;  also  by  animals,  as  in  dogs  barking  round  a 
carriage,  differences  of  individual  disposition  and  idiosyn- 
cracies,  forming  strange  companionships,  &c.  Next,  that 
automatic  and  useless  or  fortuitous  habits  are  inherited,  was 
amply  proved  by  cases  in  which  this  has  been  observed  of  the 
tricks  of  manner  displayed  by  men  and  animals ;  in  disposi- 
tion, as  among  the  island  races  of  monkeys  described  by 
Humboldt ;  in  the  paces  of  the  horse  in  different  parts  of  the 
world ;  in  the  remarkable  and  wholly  useless  habits  of  the 
tumbler  and  pouter  pigeons,  &c.  Further,  that  such  inherited, 
non-intelligent,  or  purposeless  habits  should  vary,  is  a  matter 
of  certainty ;  seeing  that,  as  was  subsequently  shown,  useful 
habits  may  do  so,  and  that  even  fuUy  formed  instincts  are 
plastic ;  much  more,  then,  must  these  fortuitous  sports  of 
habit  be  variable.  Lastly,  that  when  they  vary  in  profitable 
directions  the  variations  will  be  seized  upon  and  fixed  by 
natural  selection  is  no  less  a  matter  of  certainty,  and  will  not 
be  qiiestioned  by  any  one  who  believes  in  natural  selection 
as  a  principle  concerned  in  the  evolution  of  organic  structures. 
Thus  only  can  we  explain  the  instincts  of  many  low  animals 
(such  as  the  caddis-worm),  and  certain  instincts  of  the  higher 
(such  as  that  of  incubation).  Coming  next  to  secondary 
instincts,  it  was  first  shown  that  intelligent  adjustments  when 
frequently  performed  become  automatic  in  the  individual, 
and  next  that  they  are  inherited  till  they  become  automatic 
habits  in  the  race.  The  former  fact  is  familiar  to  every  one ; 
the  latter  was  proved  by  such  cases  as  those  of  hereditary 
handwriting,  family  aptitudes  for  particular  pursuits,  race 
characteristics  of  psychology  in  man,  good  breeding,  and 
sense  of  modesty.  In  animals  the  same  principle  is  seen  in 
an  hereditary  tendency  to  "  beg  "  in  dogs,  and  even  in  cats ; 
ponies  from  Norway  not  having  "  mouths ;"  Dr.  Huggins's 
dog  presenting  an  inherited  antipathy  to  butchers;  wild 
animals  showing  an  instinctive  fear  of  their  particular 
enemies,  such  fear  being  lost  as  regards  man  in  domesticated 
animals  (notably  in  the  rabbit  and  duck,  where  selection  is 
not  likely  to  have  had  any  part  in  obliterating  natural  wild- 
ness) ;  animals  living  on  oceanic  islands  showing  no  fear  of 
man  for  several  generations  after  his  fiirst  advent  among 
them,  then  acquiring  instinctive  dread  of  him,  and  even 
learning  what   constitutes    safe    distance    from    fire-arms ; 
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changed  instincts  of  the  woodcock ;  and  the  effects  of  blend- 
ing instincts  by  crossing. 

It  having  been  fully  shown  by  these  selected  examples 
that  instincts  may  arise  by  natural  selection  alone,  or  by 
lapsing  intelligence  alone,  the  discussion  went  on  to  show 
that  instincts  in  general  are  not  necessarily  confined  to  one 
or  other  of  these  two  modes  of  origin ;  but,  on  the  contrary, 
that  these  principles  when  working  in  cooperation  have 
greater  influence  in  evolving  instincts  than  either  of  them 
can  have  when  working  singly.  For,  on  the  one  hand, 
hereditary  proclivities  or  habitual  actions  which,  being  useful 
though  never  intelligent,  were  originally  fixed  by  natural 
selection,  may  come  to  furnish  material  for  further  improve- 
ment, or  be  put  to  better  uses,  by  intelligence ;  and,  con- 
versely, adjustments  originally  due  to  lapsed  intelligence  may 
come  to  be  greatly  improved,  or  put  to  better  uses,  by  natural 
selection.  For,  taking  the  latter  case  alone,  if,  as  we  have 
seen,  intelligent  actions  may  by  repetition  become  automatic 
as  secondary  instincts,  and  if  they  may  then  vary  and  have 
their  variations  fixed  in  beneficial  lines  by  natural  selection, 
how  much  more  scope  may  be  given  to  natural  selection  in 
this  further  development  of  an  instinct,  if  the  variations  of 
this  instinct  are  not  wholly  fortuitous,  but  arise  as  intelligent 
adaptations  of  ancestral  experience  to  the  perceived  require- 
ments of  individual  experience.  Clearly,  natural  selection 
must  in  such  a  case  be  working  at  a  much  greater  advantage 
than  it  does  when  working  alone  in  the  formation  of  primary 
instincts,  where  it  is  supplied  only  with  fortuitous  variations, 
instead  of  with  variations  which,  being  determined  by  intelli- 
gence, are  from  the  first  adaptive.  And  no  less  clearly,  the 
principle  of  lapsing  intelligence  must  be  working  at  a  nmch 
greater  advantage  when  thus  in  association  with  natural  selec- 
tion, than  it  is  when  working  alone  in  the  formation  of 
secondary  instincts ;  for  natural  selection  in  this  case  must 
always  tend  to  favour  the  best  of  the  intelligent  adjustments, 
and  by  concentrating  the  powp^  of  heredity  into  them  must 
tend  the  more  speedily  to  render  them  automatic  or  in- 
stinctive. 

It  is  of  no  moment,  as  regards  instincts  of  blended  origin, 
to  determine  in  particular  cases  which  of  the  two  principles 
— natural   selection  or   lapsing  intelligence — ^has  had  the 
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historic  priority,  even  if  from  the  first  these  two  principles 
have  not  been  in  combination;  the  important  fact  to  be 
shovm  is  that  even  a  fully  formed  instinct  may  prove  itself, 
under  the  influence  of  intelligence,  variable  or  plastic.  I 
therefore  demonstrated  the  plasticity  of  many  existing 
instincts,  dwelling  especially  upon  the  cell-making  instinct 
of  bees,  and  the  incubating  and  maternal  instinct  of  warm- 
blooded animals — choosing  these  instincts  for  special  con- 
sideration because  they  must  be  of  so  ancient  an  origin,  and 
are  so  strongly  inherited. 

Intelligence  may  operate  in  the  modification  of  instinct, 
either  by  perceiving  the  need  of  a  change  in  the  dictates  of 
heredity,  by  inteUigent  imitation  of  the  habits  of  other 
animals,  or  by  parents  intentionally  teaching  their  young. 
Copious  facts  on  all  these  points  were  therefore  given.  But 
the  best  evidence  of  the  extreme  modification  which  instincts 
may  be  made  to  undergo  by  the  combined  effects  of  intelli- 
gence and  selection,  is  that  which  is  afforded  by  the  facts  of 
Domestication.  These  facts  were  therefore  detaUed  at  length, 
and  they  showed  that  domestication  has  not  merely  a  nega- 
tive influence  in  eradicating  natural  instincts  (witness  the 
loss  of  wildness  in  dogs,  cats,  horses,  and  cattle ;  dogs  not 
attacking  sheep,  pigs,  or  poultry ;  the  latter  having  lost  their 
instinctive  fear  of  dogs,  so  differing  from  pheasants;  the 
incubating  instinct  being  lost  in  the  Spanish  hen,  and  the 
maternal  instinct  in  cows  and  sheep  where  the  young  have 
for  generations  been  habitually  removed  from  their  mothers 
at  birth ;  Polynesian  dogs  having  lost  their  natural  intelli- 
gence, together  with  their  natural  taste  for  flesh) ;  but  also  a 
positive  intiuence  in  developing  new  instincts.  In  thj  case 
of  the  Dog  these  new  or  "  artificial "  instincts  were  shown  to 
be  strikingly  exhibited  in  the  sheep-dog,  pointer,  and  re- 
triever ;  but  perhaps  still  more  remarkably  in  the  instinctive 
love  of  man  shown  by  nearly  all  the  breeds ;  faithfulness  to 
and  sense  of  dependence  upon  man ;  inborn  idea  of  protect- 
ing his  master's  property  and  of  himself  as  constituting  a 
part  of  that  property ;  barking  being  an  acquired  instinct, 
and  probably  arising  from  this  idea  of  protectmg  his  master's 
property.  Indeed  so  fundamental  has  been  this  psychological 
transformation  in  the  dog,  that  the  artificial  instincts  have 
frequently  becomn  stronger  than  even  the  strongest  of  the 
natural  instincts,  viz.,  the  maternal — as  is  proved  by  cases  in 
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which  the  latter  ^is  givon  way  when  in  conflict  with  the 
former.  Lastly,  I  aevoted  a  chapter  to  the  consideration  of 
local  and  specific  variations  of  instinct,  showing  how  these 
constituted  a  kind  of  palseontological  evidence  of  the  trans- 
mutation of  instinct. 

Such  then  is  the  d  posteriori  proof  of  the  two  ways  which, 
either  singly  or  in  combination,  must  be  regarded  as  those  by 
which  all  properly  so-called  instincts  have  been  developed. 
A  diagram  was  given  to  show  graphically  how  the  sundry 
pr-nciples  concerned  are  related  and  inter-related  with  one 
another.  Here  it  was  shown  that  when  an  instinct,  whether 
of  single  or  blended  origin,  was  perfected,  it  might  vary  or 
ramify  into  modified  forms,  and  even  blend,  or,  as  it  were, 
inarch  with  other  instincts  to  produce  a  new  growth.  It  is 
difficult,  or  rather  impossible,  to  trace  the  history  of  actual 
instincts  in  this  respect,  from  the  fact  that  instincts  are  not 
fossilized,  and  therefore  leave  no  record  of  their  transi- 
tional states.  But  from  all  the  evidence  together — and 
especially  from  what  we  may  almost  denominate  the  historical 
evidence  supplied  by  the  facts  of  domestication — there  can  be 
no  reasonable  doubt  that  instincts  may  not  only  have  a  double 
root — one  in  the  principle  of  selection,  and  the  other  in  that 
of  lapsing  f  intelligence — but  also  a  more  or  less  branching 
stem,  which  (or  the  branches  of  which)  may  in  some  cases 
become  grafted  with  the  stem  or  branches  of  other  instincts. 

In  estimating  the  comparative  importance  of  the  two 
great  factors  in  the  formation  of  instinct,  we  had  occasion  to 
differ  on  the  one  hand  from  Mr.  Spencer,  who  attributes  the 
origin  of  all  instincts  to  reflex  action  with  little  or  no  aid 
from  natural  selection,  and  on  the  other  hand  with  Mr.  Lewes, 
who  goes  to  the  opposite  extreme  of  regarding  all  instincts 
as  cases  of  lapsed  intelligence.  It  was  shown,  however,  that 
Mr.  Spencer's  view  might  be  held  to  explain  the  rise  of 
doubtfully  instinctive  actions  displayed  by  very  low  animals, 
and  that  it  is  of  much  importance  as  an  explanation  of  the 
origin  of  Consciousness.  The  view,  however,  which  I  adopt 
to  explain  the  origin  of  instincts  is  substantially  the  same  as 
that  which  has  been  propounded  by  Mr.  Darwin,  and  which, 
while  recognizing  both  the  factors  which  I  have  now  so 
repeatedly  named — i.e.,  natural  selection  and  lapsing  intelli- 
gence— whether  singly  or  in  combination,  attributes  most 
importance  to  the  former,  especially  if  it  be  remembered  that 
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in  its  work  of  organizing  instincts,  intelligent  adjustment  is 
always  under  the  direction  and  control  of  natural  selection, 
so  that  its  chief  function  in  the  formative  process  is  probably 
that  of  supplying  to  natural  selection  variations  of  ancestral 
instincts  which  are  not  merely  fortuitous,  but  intentionally 
adapted  to  the  conditions  of  the  environment. 
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CHAPTER  XVIII. 

Instinct  (continued). 

CASEb  OF  Special  Difficulty  with  Eegard  to  the  Fore- 
going Theory  of  the  Origin  and  Development  of 
Instincts. 

"We  must  not  take  leave  of  Instinct  without  looking  into  all 
the  known  cases  of  its  exhibition  which  admit  of  being 
reasonably  cited  against  the  views  here  expressed  on  the  rise 
and  development  of  instincts  generally.  I  shall  therefore 
consider  seriatim  all  sucn  cases  which  I  have  met  with  in  the 
writings  of  others,  or  which  occur  to  me  as  admitting  of  being 
possibly  cited  in  this  connection. 


^milar  Instincts  in  Unallied  Animals. 

Mr.  Darwin  observes  in  the  Appendix,  "  We  occasionally 
meet  with  the  same  peculiar  instinct  in  animals  widely 
remote  in  the  scale  of  nature,  and  which  consequently  cannot 
have  derived  the  peculiarity  from  community  of  descent." 
The  difficulty,  of  course,  is  to  account  for  the  parallelism,  and 
the  instances  given  by  Mr.  Darwin  are  those  of  the  Molothrus 
having  the  same  instinct  of  parasitism  as  the  Cuckoo,  the 
Termites  having  much  the  same  instincts  as  the  Ants,  and  a 
neuropterous  and  a  dipterous  larva  having  the  same  instinct 
of  digging  a  pitfall  for  prey.  He  shows  satisfactorily  that 
the  last-mentioned  is  the  only  case  that  offers  any  real  diffi- 
culty ;  but  even  here,  it  seems  to  me,  the  difficulty  is  not  one 
of  any  magnitude.  For  the  instinct  in  question  is  not  one 
of  such  complexity,  or  of  such  remote  probability  as  to  its 
formation  where  a  larva  habitually  lives  in  sand,  that  we 
may  not  readily  believe  a  similarity  of  environment  should 
have  determined  its  development  independently  in  two  lines 
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of  descent — just  as  for  the  same  reason  wings,  for  example, 
have  been  developed  independently  in  at  least  four  lines  of 
descent. 

Dissimilar  Instincts  in  Allied  Animals. 

Mr.  Darwin  in  the  Appendix  also  alludes  to  this  subject, 
and  the  few  remarks  which  he  makes  upon  it  seem  to  me 
fully  to  dispose  of  the  difficulty — which,  indeed,  with  his 
characteristic  candour,  I  cannot  but  think  that  he  unduly 
magnifies.  As  I  have  observed  in  my  chapter  on  Local  and 
Specific  Variations  of  Instinct,  the  theory  of  the  formation  of 
instincts  by  natural  selection  really  leads  us  to  anticipate 
the  not  infrequent  occurrence  of  what  we  may  term  isolated 
instincts ;  for  only  if  we  were  to  suppose  that  all  considerable 
variations  of  instinct  (local  or  otherwise)  are  permanent, 
could  we  anticipate — in  the  absence  of  any  palaeontology  of 
instinct — a  graduated  series  of  instincts  in  all  cases,  with  the 
consequent  absence  of  isolated  instincts  in  every  case.  But 
to  suppose  this  would  be  to  run  counter  to  the  first  principles 
of  our  theory.  Of  icourse  if  specific  instincts  were  of  very 
general  occurrence,  it  might  reasonably  be  objected  that  this 
theory  would  require  to  suppose  too  great  a  slaughter  of 
intermediate  species  to  be  accepted  as  credible;  but  as 
matters  actually  stand  I  have  felt  that  the  occasional  appear- 
ance of  isolated  instincts  in  about  the  proportion  of  cases 
that  the  theory  would  lead  us  to  anticipate,  really  constitutes 
a  corroboration  of,  rather  than  an  objection  to,  the  theory. 


" 


Trivial  and  Useless  Instincts. 

Mr.  Darwin  in  the  Appendix  also  refers  to  trivial  and 
useless  instincts,  and  says: — "I  have  not  rarely  felt  that 
small  and  trifling  instincts  were  a  greater  difficulty  on  our 
theory,  than  those  which  have  so  justly  excited  the  wonder 
of  mankind ;  for  an  instinct,  if  really  of  no  considerable 
importance  in  the  struggle  for  life,  could  not  be  modified 
or  formed  through  natural  selection." 

This  is  no  doubt  an  important  point,  and  must  be  care- 
fully considered.  First  of  all  it  ought  to  be  observed  that  if 
any  such  difficulty  can  be  shown  to  stand  against  the  theory 
of  the  formation  of  instinct  by  natural  causes,  much  more 
must  the  difficulty  stand  against  the  older  theory  of  the 
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im])lanting  of  instincts  by  a  supernatural  cause.  Next,  we 
must  be  perfectly  sure,  in  any  given  case,  that  the  instinct 
which  appears  to  be  trivial  or  useless  is  really  such.  This 
point  is  mentioned  by  Mr.  Darwin,  and  he  cites  some  very 
good  cases  to  show  how  the  important  utility,  or  even  abso- 
lute necessity,  of  an  instinct  may  readily  escape  observation. 
But  even  after  due  allowance  is  made  on  this  score,  some  few 
instincts  certainly  do  remain  which  it  seems  impossible  to 
suppose  of  the  smallest  utility.  How,  then,  are  these  to  be 
explained  ? 

I  believe  they  admit  of  being  satisfactorily  explained  by 
two  considerations.  The  first  of  these  is  that  our  theory 
does  noi  suppose  natural  selection  to  be  the  only  influence  at 
work  in  the  formation  of  instincts.  We  have  repeatedly 
insisted  that  the  lapsing  of  intelligence  is  another  influence 
of  scarcely  less  importance ;  and  we  have  also  seen  abundant 
evidence  to  show  that  non-adaptive  habits  occur  in  indi- 
viduals and  may  be  inherited  in  the  race.  Therefore,  if  from 
play,  affection,  curiosity,  or  even  mere  caprice,  the  intelligence 
of  the  animal  should  lead  the  animal  to  perform  any  useless 
kind  of  action  habitually  (as,  for  instance,  in  the  case  of  the 
ratels  tumbling  head-over-heels),*  and  if  this  habit  were  to 
become  hereditary  in  the  similarly  constituted  progeny,  we 
should  have  a  trivial  or  useless  instinct.  The  only  condition, 
so  far  as  I  can  see,  that  would  require  to  be  satisfied  would 
be  that  the  trivial  or  useless  habit  should  not  be  actually 
detrimental  to  the  species  exhibiting  it,  so  that  its  growth 
into  an  instinct  should  not  be  prevented  by  natural  selec- 
tion. 

The  other  consideration  to  which  I  have  alluded  as 
mitigating  or  dispelling  the  difficulty  in  question  is  this.  In 
the  analogous  case  of  structures,  as  is  well  known,  we  meet 
with  innumerable  cases  of  useless  organs ;  but  here,  so  far 
from  the  fact  being  deemed  a  difficulty  in  the  way  of  the 
theory  of  evolution  by  natural  selection,  it  is  justly  deemed 
one  of  its  strongest  supports;  and  the  reason  is  that  in 
all  such  cases  we  have  evidence  of  the  useless  and  perhaps 
rudimentary  organs  being  of  use  in  other  and  allied  animals. 
Now  I  see  no  reason  to  doubt  that  the  same  may  be  true  of 
instincts,  and  therefore  that  what  we  now  find  to  be  ap- 
parently trivial  and  certainly  useless  exhibitions  of  hereditary 


•  See  p.  189. 
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habit  may,  at  an  earlier  period  in  the  history  of  the  species 
or  of  its  allies,  have  been  of  real  utility.  We  may,  for 
example,  readily  imagine  that  the  instinct  displayed  by  many 
herbivorous  animals  of  goring  sick  or  wounded  companions, 
is  really  of  use  in  countries  where  the  presence  of  weak 
members  in  a  herd  is  a  source  of  danger  to  the  herd  from  the 
prevalence  of  wild  beasts ;  and  Mr.  Darwin  in  the  Appendix 
gives  evidence  that  such  is  actually  the  case.  Or,  to  take  a 
more  fanciful  illustration,  we  may  suppose  the  Megapodidee 
mentioned  in  the  Appendix,  which  incubate  their  eggs  by 
placing  them  in  a  large  heap  of  fermenting  vegetable  matter 
which  they  collect  for  this  purpose,  \7ere  to  find,  from  a 
change  of  their  habitat  or  of  the  Austi-alian  climate,  that  it 
was  difficult  to  collect  a  sufficient  quaatity  of  vegetable 
in  or  that  it  would  not  ferment  sufficiently  for  the  pur- 

p  incubation.    The  birds  might  then  gradually  revert 

to  the  usual  mode  of  incubation,  but  might  still  retain  a 
marked  propensity  to  make  tumuli  of  vegetable  matter  as 
nests.  If  80,  the  labour  expended  in  making  such  tumuli 
would  be  obviously  useless,  and  there  being  no  analogy 
among  the  incubating  habits  of  other  birds  to  give  us  a  clue 
as  to  the  origin  of  such  an  instinct,  we  should  be  quite  at  a 
loss  to  account  for  it. 


. 
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Instincts  apparerdly  Detrimental  to  the  Species  which 

exhibit  them. 

It  constitutes  no  difficulty  or  objection  to  our  general 
theory  of  instinct  formation  to  point  to  cases  in  which  in- 
stincts are  obviously  detrimental  to  the  individuals  which 
manifest  them ;  for  it  is  of  the  essence  of  the  theory  of 
natural  selection  to  suppose  that  the  interests  of  the  indi- 
vidual are,  in  the  process  of  selection,  subordinated  to  those 
of  the  species.  It  is,  for  example,  manifestly  to  the  detri- 
ment of  an  individual  fly  to  procreate  its  kind,  inasmuch  as  its 
own  death  is  speedily  induced  by  the  act ;  but  seeing  that  the 
act  is  essential  to  the  continuance  of  the  species,  we  perceive 
how  natural  selection  must  here  have  developed  an  instinct 
which  virtually  amounts  to  that  of  suicide.  And  the  same 
remark  applies  to  all  similar  cases,  such  as  that  alluded  to  in 
"Animal  Intelligence"  of  soldier  ants  and  termites  sacrificing 
themselves  for  the  benefit  of  the  community — i.e.,  the  species. 
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But  of  course  the  case  is  entirely  altered  where  we  appear  to 
meet  with  an  instinct  the  operation  of  which  is  detrimental 
to  the  individual,  without  being  attended  with  any  com- 
pensating benefit  to  the  species ;  for  in  such  a  case  the 
detriment  to  the  individual  would  also  become  a  detriment 
to  the  species.  Such  apparent  cases,  in  fact,  are  precisely 
analogous  to  those  in  which  certain  structures  appear  to  be 
detrimental  to  their  possessors,  without  seeming  to  confer 
any  compensating  benefit  upon  their  species  ;*  and,  as  Mr. 
Darwin  observes,  such  an  apparent  case,  if  it  could  be  shown 
to  be  a  real  one,  would  be  incompatible  with  the  theory  of 
natural  selection,  inasmuch  as  "  natural  selection  acts  solely 
by  and  for  the  good  of  each."  Further,  as  Mr.  Darwin 
adds,  "  if  it  could  be  proved  that  any  part  of  the  structure  of 
any  one  species  had  been  formed  for  the  exclusive  good  of 
another,  it  would  annihilate  my  theory ; "  and  it  is  obvious 
that  the  same  remark  would  equally  apply  to  the  case  of 
instincts. 

It  is  therefore  of  the  utmost  importance  to  take  a  survey 
of  all  known  instincts,  in  order  to  see  whether  there  is  any 
one  case,  either  of  an  instinct  which  is  detrimental  to  the 
species  exhibiting  it,  or  of  one  which  has  exclusive  reference 
to  the  benefit  of  other  species.  For,  on  the  one  hand,  if 
there  is  any  one  such  case  of  an  indisputable  kind,  we  should 
clearly  have  to  modify  our  whole  theory  in  order  to  meet  it ; 
while,  on  the  other  hand,  if  there  is  no  such  case,  the  fact  of 
all  the  innumerable  multitude  of  animal  instincts  being  of 
obvious  use  to  the  species  which  manifest  them,  and  never 
of  exclusive  use  to  other  species,  must  be  taken  as  the 
strongest  possible  evidence  of  the  theory  that  ascribes  all 
instincts  to  the  causes  which  we  have  assigned. 

I  may  as  well  say  at  once  that  there  is  only  one  apparent 
case  of  an  instinct  in  one  spjcies  having  exclusive  reference 
to  the  benefit  of  another,  although  there  are  cases  of  instincts 
beneficial  to  the  species  presenting  them  being  also  beneficial 
to  other  species.  With  the  latter  cases  we  are  not,  of  course, 
concerned.  The  former  is  the  case  of  aphides  yielding  up 
their  secretion  to  ants,  and  has  already  been  considered  by 
Mr.  Darwin.  His  explanation  is  that,  "  as  the  excretion  is 
extremely  viscid,  it  is  no  doubt  a  convenience  to  the  aphides 

*  See  Origin  of  Specia,  162-4,  vhere  the  case  of  the  rattle  of  the  rattle- 
snake, &c.,  is  considered. 
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to  have  it  removed ;  therefore  probably  they  do  not  excrete 
solely  for  the  good  of  the  ants."* 

Coming  now  to  the  other  branch  of  the  subject,  after  due 
reflection  I  can  only  think  of  two  or  three  instincts  which 
could  possibly  be  cited  as  presenting  the  appearance  of  being 
detrimental  to  the  species  which  manifest  them.  I  shall 
therefore  consider  these  cases  separately. 

1.  Suicide  of  Scorpion. — ^The  state  of  the  evidence  on  this 
subject  will  be  found  In  -^  7  other  work.t  It  will  there  be 
seen  that  two  or  three  independent  witnesses — including  a 
friend  of  Dr.  Allen  Thomson  on  whose  accuracy  he  says  he 
can  rely — bear  testimony  to  the  truth  of  the  popular  saying 
that  when  p*  scorpion  is  surrounded  by  fire,  or  otherwise 
exposed  to  undue  heat,  it  will  commit  suicide  by  stinging 
itself  to  death.  It  will  be  seen,  however,  by  referring  to  the 
correspondence  in  question,  that  the  alleged  facts  are  disputed 
by  other  observers,  and  also,  as  I  have  edready  indicated,  that 
they  were  not  observed  by  Dr.  Thomson  himself. 

The  effect  of  republishing  this  correspondence  and  of 
pointing  out  the  desirability  of  obtaining  further  evidence 
upon  the  matter,  has  been  to  induce  two  very  competent 
naturalists  to  make  some  observations  upon  the  subject.  One 
of  these  naturalists  is  Professor  Lankester,  who  published  his 
observations  in  the  "  Journal  of  the  linnean  Society  "  (1882), 
and  the  other  is  Professor  Lloyd  Morgan,  who  published  his 
results  in  "  Nature  "  (voL  xxvii,  p.  313).  Both  these  observers 
agree  that  the  scorpions  never  commit  suicide,  and  as  Mr. 
Morgan  exposed  the  animals  to  a  variety  of  dreadful  tortures 
with  a  uniformly  negative  result,  I  think  the  question  may 
now  be  considered  as  closed.  Moreover  Mr.  G.  Bidie,  who 
started  the  previous  correspondence  in  "Nature,"  has  recently 
addressed  another  letter  to  that  Journalj;  in  which  he  makes 
t^e  not  improbable  suggestion  that,  as  in  his  experiments  he 
applied  heat  by  condensing  the  rays  of  the  sun  with  a  lens 
upon  a  small  point  of  the  scorpion's  back,  the  animal  in 
stinging  itself  "  may  have  merely  been  trying  to  get  rid  of  an 
imaginary  enemy." 

2.  Insects  jlying  through  Flame. — The  determination  shown 
by  many  kinds  of  insects  to  fly  towards  and  through  a  flame 
is  unquestionably  due  to  instinct,  and  as  such  might  be  act- 

*  Origin  qf  Speeiei,  p.  208.  t  Animal  InieUigenee,  pp.  222-6. 

X  July  12, 1888. 
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duced  as  evidence  of  an  instinct  detrimental  alike  to  the 
individual  and  to  the  species.  But  hefore  this  conclusion 
could  be  reached,  several  possibilities  require  to  be  attended 
to.  In  the  first  place,  flame  in  Nature  is  an  exceedingly  rare 
phenomenon,  so  that  we  could  scarcdy  expect  that  any 
instinct  should  have  been  developed  for  thi-  express  purpose 
of  its  avoidance.  Therefore,  if  the  general  economy  of  night- 
flying  insects  is  such  that  it  is  of  advantage  to  approach  and 
examine  shining  objects,  there  would  be  nothing  anomalous 
in  their  failing  to  distinguish  between  flame  and  other 
shining  objects — such  as  white  flowers  or,  in  the  case  of 
moths,  pale  coloured  members  of  the  opposite  sex.  But  as 
the  instinct  of  flying  into  flame  is  of  such  general  occurrence 
among  many  species  of  insects,  I  think  we  certainly  cannot 
attribute  all  the  cases  of  it  to  a  mistaking  of  flame  for  some 
other  shining  object ;  to  meet  all  the  cases  some  still  more 
general  explanation  is  required,  and  this,  I  think,  is  afforded 
by  considering  other  and  analogous  cases.  Thus  many 
species  of  birds  display  an  exactly  similar  propensity,  as  is 
proved  by  the  experience  of  lighthouse  keepers ;  and,  accord- 
ing to  Professor  A.  Newton,  some  species  of  birds  are  more 
readily  attracted  by  light  than  others.*  Here  there  can  be 
no  question  about  a  possible  mistaking  of  flame  for  white 
flowers,  &c.,  and  therefore  the  habit  must  be  set  down  to 
mere  curiosity,  or  desire  to  examine  a  new  and  striking 
object ;  and  that  the  same  explanation  may  be  given  in  the 
case  of  insects  seems  not  improbable,  seeing  that  it  must 
certainly  be  resorted  to  in  the  case  of  fish,  which,  as  I  pointed 
out  in  "  Animal  Intelligence,"  are  likewise  attracted  by  the 
light  of  lanterns,  &c. ;  and  the  psychology  of  a  fish  is  not 
much,  if  at  all,  in  advance  of  that  of  many  insects. 

Thus,  in  any  case,  it  seems  certain  that  we  have  no  reason 
to  regard  the  propensity  in  question  as  an  expression  of  any 
instinct  specially  formed  with  reference  to  flame,  and  this  is 
really  the  only  point  with  which  we  are  directly  concerned. 
But,  as  the  subject  is  in  itself  an  interesting  one,  I  shall  here 
add  a  few  remarks  with  reference  to  other  aspects  of  it. 

Among  Mr.  Darwin's  MSS  I  find  the  following  note, 
which,  however,  is  not  in  his  hand-writing. 

"  Query.  Why  do  moths  and  certain  gnats  fly  into  candles, 
and  why  are  they  not  all  on  their  way  to  the  moon — at  least 

♦  TarrelFt  BrU.  Birdt,  4th  ed.,  11,  235 
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when  the  moon  is  in  the  horizon  ?  I  formerly  observed  that 
they  fly  very  much  less  at  candles  on  a  moon-light  night. 
Let  a  cloud  pass  over,  and  they  are  again  attracted  to  the 
candle." 

I  do  not  know  to  whom  this  observation  is  due  ;  but  I 
quote  it  for  the  sake  of  the  query.  The  answer,  I  think, 
must  be,  that  as  the  moon  is  a  familiar  object,  the  insects 
regard  it  as  a  matter  of  course,  and  so  have  no  desire  to 
examine  it.  I  have  little  doubt  that  if  moonlight  were  con- 
centrated to  a  point  in  a  dark  room,  the  moths  and  gnats 
would  approach  it. 

In  "  Nature "  (vol  xxv,  p.  436),  Mr.  J.  S.  Gardener 
writes : — 

"  Whilst  watching  the  gieat  horse-shoe  falls  of  the  Skjal- 
fandafljot  near  Sjosavan  in  Iceland,  I  saw  moth  after  moth 
fly  deliberately  into  the  falling  water  and  disappear.  Some 
which  I  noticed  arriving  from  a  distance,  fluttered  at  first 
deviously,  but  as  they  neared  the  water  flew  straight  in.  The 
gleaming  falls  seemed  at  least  as  attractive  as  artificial 
light."  And  doubtless  the  same  explanation  applies,  inas- 
much as  a  gleaming  waterfall  is  not  a  sufficiently  common 
object  in  Nature,  either  to  fail  in  arresting  the  curiosity  of 
tlie  moths,  or  to  ensure  that  a  special  instinct  should  be 
developed  to  warn  the  insects  from  approaching  it. 

3.  Mr.  Darwin  in  the  Appendix  points  out  two  or  three 
cases  of  instinct  which  are  apparently  at  first  sight  detri- 
mental to  the  species  exhibiting  them.  Thus,  the  crowing  of 
the  cock-pheasant  on  going  to  roost  reveals  his  presence  to 
the  poacher,  the  cackling  of  a  hen  after  having  laid  an  egg 
informs  the  natives  of  India  where  the  nest  is  concealed, 
certain  birds  place  their  nests  in  very  conspicuous  situations, 
and  a  kind  of  Shrew-mouse  betrays  itself  by  screaming  when 
approached.  Now  it  seems  to  me  that  in  all  these  cases — 
and  many  similar  or  analogous  ones  might  be  given — the 
ditticulty  is,  if  I  may  use  the  term,  fictitious ;  for  it  only  arises 
when  we  shut  our  eyes  to  some  of  the  most  important  prin- 
ciples which  in  the  previous  chapters  I  have  been  endeavour- 
ing to  explain.  These  principles  do  not  imply  that  an  instinct 
should  ever  be  formed  or  modified  with  reference  to  a  prospec- 
tive change  of  environment,  while  they  do  imply  that  when 
such  a  change  has  taken  place,  time  must  be  allowed  for 
the  compensating  modification  of  the  instinct — even  suppos- 
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ing  that  any  such  modification  is  urgently  required.  Now  it 
can  scarcely  be  held  probable  on  these  principles  that  the 
instinct  of  crowing  on  the  part  of  the  pheasant  should  have 
been  modified  by  natural  selection  during  the  short  time  that 
his  ancestors  have  been  naturalized  in  this  country,  and  in 
consequence  of  one  in  a  hundred  having  thus  fallen  a  victim 
to  poachers.  The  case  of  a  wild  hen  cackling  over  its  eggs 
may  seem  a  stronger  one ;  but  here  again  the  whole  question 
really  consists  in  the  actual  percentage  of  eggs  thus  discovered 
by  the  natives,  and  I  should  think  this  must  be  exceedingly 
small.  Birds  building  in  exposed  situations  only  become  an 
argument  against  the  modificability  of  instinct  by  natural  selec- 
tion, when  it  is  shown  that  the  exposure  has  led  to  the  destruc- 
tion of  nests  by  man  or  other  animals  for  a  great  number  of 
generations ;  and  this  has  never  been  shown.  Even  in  the 
most  remarkable  case — that  of  the  Furnarius  of  La  Plata — 
Mr.  Darwin  merely  says  that  this  bird  "  in  a  thickly  peopled 
country,  with  mischievous  l»oys,  would  soon  he  exterminated." 
And  similarly  it  would  require  to  be  shown  that  the  habit  of 
the  Shrew-mouse  at  the  Mauritius  has  long  led  to  the 
destruction  of  many  individuals  of  each  generation  by  man. 

In  all  such  cases  we  must  remember  how  very  insignifi- 
cant the  influence  of  man^ — and  especially  of  savage  man- 
usually  is,  as  compared  with  the  simi  of  other  influences, 
organic  and  inorganic ;  we  must  remember  the  time  which 
in  any  ease  is  required  for  the  modification  of  an  instinct ; 
and  we  must  have  proof  that  the  instinct  which  is  now  in- 
jurious in  some  percentage  of  casc^,  has  long  been  highly 
injurious  in  a  large  percentage  of  cases.  I  am  not  aware  of 
any  instance  where  all  these  conditions  have  been  fulfilled, 
and  where  the  species  has  not  either  been  exterminated  hy 
man,  or  the  required  modification  of  instinct  has  not  actually 
taken  place. 

4.  Mr.  Darwin  in  the  Appendix  also  alludes  to  the  in- 
jurious eflfects  which  frequently  attend  the  exercise  of  the 
instinct  of  migration  in  certain  animals.  Thus,  he  says,  the 
congregating  of  quadrupeds  in  Africa,  and  of  the  Passenger 
Pigeons  in  America  is  detrimental  to  the  animals,  in  conse- 
quence of  their  being  thus  readily  followed  by  beasts  of  prey 
as  >vell  as  by  man.  But  when  we  remember  the  enormous 
numbers  of  both  kinds  of  animals  which  thus  congregate,  I 
cannot  see  that  any  difficulty  remains ;  for  not  only  is  the 
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percentage  of  individuals  destroyed  in  itself  small,  but  T 
doubt  whether  it  is  much  larger  than  would  be  the  case  if 
these  multitudes  of  animals  were  segregated  over  a  very  much 
wider  area.  A  stronger  case,  I  think,  is  afforded  by  that  of 
the  Norwegian  Lemming,  and  therefore  I  shall  consider  it  at 
greater  length. 

Since  Mr.  Darwin  wrote  his  remarks  on  this  subject 
which  are  presented  in  the  Appendix,  further  statements  with 
reference  to  it  have  been  published.  These,  therefore,  I  shall 
quote. 

Mr.  Crotch,  who  has  had  the  opportunity  of  observing  the 
phenomena  for  a  number  of  years,  thus  briefly  gives  his 
account  of  the  facts,  so  far  as  they  concern  us. 

"  The  Lemmings  (which  are  little  rodents)  certainly  do 
not  visit  my  part  of  Norway  at  any  recurring  period  of 
years ;  but  every  third  or  fourth  year  they  may  be  expected 
with  tolerable  regularity,  though  in  variable  numbers.  Thus 
it  is  quite  probable  that  some  migrations  may  have  so  far 
escaped  notice  as  to  give  rise  to  the  old  idea  that  they  took 
place  every  tenth  year. 

"  They  are,  however,  always  directed  westwards ;  and 
thus  the  theory  that  they  are  caused  by  deficiency  of  food 
fails  so  far,  that  these  migrations  do  not  take  place  in  a 
southerly  direction  by  which  a  larger  supply  might  be  ob- 
tained. M.  Guyne  (loe.  dt.)  suggested  that  the  course  fol- 
lowed was  merely  that  of  the  watershed.  However,  this  runs 
east  as  well  as  west,  and  follows  valleys  which  often  run 
north  and  south  for-  hundreds  of  miles,  whereas  the  route 
pursrad  by  the  Lemming  is  due  west.  At  all  events  this  is 
the  case  in  Norway,  where  they  traverse  the  broadest  lakes 
filled  with  water  at  an  extremely  low  temperature,  and  cross 
alike  the  most  rapid  torrents  and  the  deepest  valleys. 

"  With  no  guiding  pillar  of  fire,  they  pass  on  through  a 
wilderness  by  night ;  they  rear  their  families  on  their  journey, 
and  the  three  or  four  generations  of  a  brief  subarctic  summer 
serve  to  swell  the  pilgrim  caravan.  They  winter  beneath 
more  than  six  feet  of  snow  during  seven  or  eight  weary 
months;  and  with  the  first  days  of  summer  (for  in  those 
regions  there  is  no  spring)  the  migration  is  renewed.  At 
length  the  harassed  crowd,  thinned  by  the  increasing  attacks 
of  the  wolf,  the  fox,  and  even  the  reindeer,  pursued  by 
eagle,  hawk  and  owl,  and  never  spared  by  mnn  himself,  yet 


INSTINCTS  APPARENTLY  DETRIMENTAL  TO  THE  SPECIES.  283 


still  a  vast  multitude,  plunges  into  the  Atlantic  Ocean  on 
the  first  calm  day  and  perishes  with  its  front  still  pointing 
westward.  No  faint  heart  lingers  on  the  way,  and  no  sur- 
vivor returns  to  the  mountains.  Mr.  R.  Collett,  a  Norwegian 
naturalist,  writes  that  in  November,  1868  (quoted  by  Fille- 
burg,  infra),  a  ship  sailed  for  fifteen  hours  through  a  swarm  of 
Lemmings,  which  extended  as  far  over  the  Trondhjemsfiord  as 
the  eye  could  reach."* 

Such,  according  to  Mr.  Crotch,  are  the  facts,  and  the  follow- 
ing are  the  hypotheses  which  have  been  propounded  to  ex- 
plain them.  Mr.  Wallace  suggestsf  that  natural  selection  has 
played  an  important  part  m  causing  migration,  by  giving  an 
advantage  to  those  animals  which  enlarge  their  breeding  area 
by  travel.  To  this  view,  as  applied  to  the  lemming,  Mr. 
Crotch  objects  that  the  animal,  "  it  is  true,  always  breedf? 
during  migration ;  but  if  none  return  or  survive,  it  is  difficult 
to  say  what  becomes  of  the  fittest."  His  own  theory  is  a 
remarkable  one.  "  There  is,"  he  says,  "  a  solution  of  this 
difficulty,  involving  a  subject  of  the  deepest  interest,  and 
which  led  me  to  spend  two  years  in  the  Canaries  and  adjacent 
islands.  I  allude  to  the  island  or  continent  of  Atlantis.  .  . 
It  is  evident  that  land  did  exist  in  the  North  Atlantic  Ocean 
at  no  very  distant  date.  .  .  .  Is  it  not  then  conceivable, 
and  even  probable,  that  when  a  great  part  of  Europe  was 
submerged  and  dry  land  connected  Norway  with  Greenland, 
the  lemmings  acquired  the  habit  of  migrating  westward  for 
the  same  reasons  which  govern  more  familiar  migrations  ? 
.  .  .  It  appears  to  me  quite  as  likely  that  the  impetus 
of  migration  towards  this  continent  should  be  retained  as 
that  a  dog  should  turn  round  before  lying  down  on  a  rug, 
merely  because  his  ancestors  found  it  necessary  thus  t6 
hollow  out  a  couch  in  the  long  grass." 

In  a  later  paper;|:  he  combats  by  the  aid  of  charts  the 
popular  theory  "  that  these  migrations  follow  the  natural 
declivities  of  the  country,"  and  then  proceeds  to  add,  "  It  is 
very  remarkable  that  the  average  depth  from  Norway  to  Ice- 
land does  not  exceed  250  fathoms,  with  the  exception  of  a 
deep  and  narrow  channel  of  682  fathoms  at  14°  W.  This 
probably  represented  the  old  Gulf  Stream ;  and  if  this  were 
so,  the  lemmings  did  wisely  to  migrate  westwards  in  search 

*  Lt'mi.  Soc.  Jour.,  vol.  xiii,  p.  80,  et  tetf.        f  Ifature,  vol.  z,  p.  469. 
X  Ltnn.  Soc.  Jour,,  vol.  xiii,  p.  167,  et  Mq. 
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of  its  genial  influence.  As  little  by  little  the  ocean  encroached 
on  the  land,  the  same  advantages  would  remain,  as  in  fact 
they  do  to  this  day." 

To  this  ingenious  theory  dissent  is  expressed  by  another 
gentleman  who  has  had  a  very  large  experience  in  observing 
these  migrations,  namely  Mr.  Eobert  Collett,  of  the  University 
Museum,  Christiania.*  His  view  is  that  in  years  when  re- 
production is  excessive,  multitudes  of  individuals  are  led  by 
hunger,  as  well  as  by  "  the  natural  desire  to  wander  possessed 
by  this  species,"  to  overflow  the  limits  of  their  plateaux 
home,  and  spi-ead  out  "  over  an  area  that  is  considerably 
larger  than  obtains  in  any  other  of  the  species  under  similar 
circumstances."  As  breeding  continues  throughout  the 
wandering,  in  cases  where  in  two  or  three  succeeding  years 
the  production  of  young  has  been  excessive,  "  the  masses 
are  incessantly  pushed  towards  the  sides  of  the  fells ;  and 
the  migration  becomes  an  overrunning  of  the  lower  and  far 
remote  portions  of  the  country,  as  the  individuals  gradually 
penetrate  further  in  search  of  localities  suitable  to  their 
habits  (and  which  are  capable  of  giving  them  a  permanent 
subsistence),  until  they  are  stopped  by  the  sea  or  destroyed 
in  some  other  manner." 

Looking  to  Mr.  CoUett's  large  experience  on  the  subject, 
as  well  as  to  the  intrinsically  probable  nature  of  his  views,  1 
think  we  may  most  safely  lend  countenance  to  the  latter. 
The  most  important  point  of  difference  between  Mr.  Crotch 
and  Mr.  Collett  has  reference  to  a  question  of  fact.  For 
while  Mr.  Crotch  states  that  the  migrations  are  made  west- 
wards without  reference  to  the  declivities  of  the  country, 
Mr.  Collett  is  emphatic  in  saying  that  "  the  wanderings  take 
place  in  the  direction  of  the  valleys,  and  therefore  can  branch 
out  from  the  plateaux  in  any  direction."  If  this  is  so,  there 
is  an  end  of  Mr.  Crotch's  theory,  and  the  only  difficulty  left 
to  'plain  would  be  why,  when  the  lemmings  reach  the  sea, 
the^  still  continue  on  their  onward  course  to  perish  in  their 
multitudes  by  drowning.  The  answer  to  this,  however,  is 
not  far  to  seek.  For  thpir  ordinary  habits  are  such  that  when 
in  their  wanderings  they  come  upon  a  stream  or  lake,  they 
swim  across  it ;  and  therefore  when  they  come  upon  the  coast 
line  it  is  not  surprising  that  they  should  behave  in  a  similar 
manner,  and,  mistaking  the  sea  for  a  large  lake,  swim  per- 

*  Lin»,  Soc.  Jour.,  vol.  xiii,  p.  827,  et  $eq. 
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.sistently  away  from  land  with  the  view  to  reaching  the 
opposite  shore,  till  they  succumh  to  fatigue  and  the  waves. 
Therefore,  pending  further  observations  on  the  question  of 
fact  above  alluded  to,  I  cannot  feel  that  the  migration  of  the 
lemming  furnishes  any  difficulty  to  the  theory  of  evolution 
over  and  above  that  which  is  furnished  by  the  larger  and 
more  important  case  of  migration  in  general,  to  the  considera- 
tion of  which  I  shall  now  proceed. 


Migrcdion. 

Taking  the  animal  kingdom  from  below  upwards,  the  first 
animals  that  can  properly  be  said  to  present  the  instincts  of 
migration  are  to  be  found  in  the  group  Articulata.  I  think  it 
is  sufficient  to  refer  to  "  Animal  Intelligence "  for  the  facts 
concerning  the  migrations  of  Crabs  (pp.  231-2)*  and  Cater- 
pillars (238-40),  though  as  regards  the  latter  I  may  add  the 
following  remarkable  account,  which  I  quote  from  the 
"  Colonies  and  India." 

"  To  say  that  a  train  had  been  stopped  by  caterpillars 
would  sound  like  a  Yankee  yarn,  yet  such  a  thing  (according 
to  the  "  Eangitikei  Advocate")  actually  took  place  on  the 
local  railway  a  few  days  ago.  In  the  neighbourhood  of  Tura- 
kina,  New  Zealand,  an  army  of  caterpillars,  hundreds  of 
thousands  strong,  was  marching  across  the  line,  bound  for  a 
new  field  of  oats,  when  the  train  came  along.  Thousands  of 
the  creeping  vermin  were  crushed  by  the  wheels  of  the 
engine,  and  suddenly  the  train  came  to  a  dead  stop.  On 
examination  it  was  found  that  the  wheels  of  the  engine  had 
become  so  greasy  that  they  kept  on  revolving  without  ad- 
vancing— they  could  not  grip  the  rails.  The  guard  and  the 
engine-driver  procured  sand  and  strewed  it  on  the  rails,  and 
the  train  made  a  fresh  start,  but  it  was  found  that  during  the 
stoppage  caterpillars  in  thousands  had  crawled  all  over  the 
engine,  and  over  all  the  carriages  inside  and  out." 

With  regard  to  Butterflies  many  instances  of  lart^e  migra- 
tions are  on  record.  Thus,  Madame  de  Meuron  Wolff  describes 
an  immense  swarm  of  the  Painted  Lady  butterfly  passing 
over  Grandson,  Canton  de  Vaud,  flying  closely  together  from 
south  to  north.  The  column,  which  was  from  ten  to  fifteen 
feet  broad,  flew  low  and  equally,  and  took  two  hours  to  pass. 

*  See  also  Professor  Moseley,  A  Naturaliit  on  the  Challenger,  p.  5G1. 
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The  caterpillar  of  this  species  is  not  gregarious.  Professor 
Bonelli  also  describes  a  migration  similar  in  all  respects, 
including  locality,  except  that  it  lasted  longer — the  insects 
covering  the  flowers  at  night  and  proceeding  on  the  journey 
by  day. 

Immense  swarms  of  migratory  Dragon-flies  have  been  at 
times  observed,  the  most  remarkable  case  being  one  that 
occurred  in  May,  1839,  and  which  seems  to  have  extended 
over  a  great  part  of  Europe.  The  insects  flew  at  a  height  of 
100  to  150  feet,  and  seemed  to  follow  the  direction  of  the 
rivers.* 

Many  species  of  Fish  are  known  to  migrate  regularly  for 
purposes  of  spawning,  such  as  the  herring,  salmon,  &c.,  and 
also  to  lind  water ;  t  while  among  Eeptiles  the  most  remark- 
able instance  seems  to  be  that^Avhich  is  furnished  by  the 
Turtles  which  visit  Ascension  Island  to  deposit  their  eggs. 
How  the  animals  can  find  this  comparati^'^ely  small  speck  of 
land  in  the  midst  of  a  vast  ocean  is  very  unaccountable.  I 
have  recently  written  to  Professor  Moseley  upon  the  subject, 
and  in  reply  he  says,  "  No  man  without  proper  modem 
means  of  finding  latitude  and  longitude  could  reach  either 
Tristan  or  Ascension;  and  it  is  especially  difficult  for 
animals  whose  eyes  cannot  be  raised  above  the  sea-level,  and 
to  whom,  therefore,  the  islands  are  visible  for  a  comparatively 
small  radius  only.  Merchant  skippers  have  several  times 
been  unable  to  find  Bermuda,  and  on  return  baffled  have 
reported  the  island  gone  down."  But,  as  Professor  Moseley 
adds,  "  It  is  just  possible  that  the  animals  do  not  retire  far 
from  the  land  after  all,  but  hang  about  unobserved,"  I  think 
it  is  undesirable  to  enter  into  any  discussion  where  the  facts 
are  still  of  an  uncertain  character. 

Among  Mammals,  from  whales  to  mice,  we  meet  with 
many  migratory  species,  but  it  is  among  Birds  that  the 
propensity  is  most  prevalent.  Indeed,  a  very  competent 
authority  on  all  matters  pertaining  to  ornithology  has  said  in 
the  new  "  Encyclopeedia  Britannica : "  "  Every  bird  of  the 
northern  hemisphere  is  f^  a  greater  or  less  degree  migratory 
in  some  part  of  its  range.  Such  a  conclusion  brings  us  to  a 
still  more  general  inference — viz.,  that  Migration,  instead  of 

*  For  a  full  account  see  Weisaenborne,  Loundoun*»  Mag.  Nat.  Hitt,, 
IC.S.,  Tol.  iii. 

^  See  Animal  Intelligence,  248-60. 
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being  the  exceptional  characteristic  it  used  formerly  to  be 
thought,  may  really  be  almost  universal."* 

I  have  neither  the  occasion  nor  the  space  to  discuss  the 
large  question  of  migration  in  general;  and  having  now 
indicated  the  animals  in  which  the  instinct  is  most  pro- 
nounced, I  shall  pass  on  to  consider  the  theory  of  its  forma- 
tion. First  I  may  allude  to  Mr.  Darwin's  remarks  on 
Migration  at  the  beginning  of  the  Appendix.  It  will  be 
seen  from  them  that  among  others  he  establishes  the  follow- 
ing points : — 

1.  There  is  "  in  different  breeds  of  birds  a  perfect  series 
from  those  which  occasionally  or  regularly  shift  their  quarters 
within  the  same  country,  to  those  which  periodically  pass  to 
far  distant  countries." 

2.  "  The  same  species  often  migrates  in  one  country  and 
is  stationary  in  another ;  or  different  individuals  of  the  same 
species  in  the  same  country  are  migratory  or  stationary." 

3.  "  The  migratory  instinct  is  laade  up  of  two  very  distinct 
factors — viz.,  an  impulse  to  travel  periodically,  and  a  faculty 
of  knowing  the  direction  in  which  to  travel." 

4.  "  Savage  man  shows  a  sense  of  direction  which  may  be 
analogous  to  that  shown  by  migratory  animals." 

5.  "  Certain  cases  are  on  record  of  breeds  of  domesticated 
animals  having  truly  migratory  instincts." 

Such  being  the  data,  the  problem  is  to  account  for  the 
origin  of  the  instinct.  Mr.  Darwin's  theory  is  that  the 
ancestors  of  migratory  animals  were  annually  driven,  by  cold 
or  want  of  food,  slowly  to  travel  southwards ;  "  and  in  time 
we  may  well  beheve  that  this  compulsory  travelling  would 
become  an  instinctive  passion,"  as  is  the  case  with  domesti- 
cated sheep  in  Spain.  In  the  case  of  birds,  the  wings  would 
be  used,  and  if  in  the  course  of  many  successive  generations 
the  land  over  which  they  flew  in  their  annual  journeys  were 
to  become  slowly  submerged,  the  line  of  flight  would  remain 
unaltered,  and  thus  we  should  have  the  state  of  things  which 
we  now  perceive — viz.,  migratory  birds  flying  over  wide 
stretches  of  ocean. 

Before  I  proceed  to  consider  this  theory,  I  should  like  to 
call  prominent  attention  to  the  fact  that  it  has  been  inde- 


*  Professor  Newton,  F.B.S.,  Art.  Birds,  where  see  for  a  good  rSmmS  of 
the  main  facts  of  migration  as  regards  birds. 
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pendently  arrived  at  by  Mr.  Wallace.  It  is  only  now  that 
Mr.  Darwin's  views  upon  this  subject  are  published,  although 
they  were  committed  to  writing  as  they  appear  in  the 
Appendix  between  twenty  and  thirty  years  ago.  Mr.  "Wallace 
however  enunciated  substantially  the  same  views  in  a  letter 
to  "  Nature  "  in  1874  (Oct.  8),*  from  which  I  shall  quote  in 
eoctenso,  not  only  for  the  purpose  of  showing  the  coincidence 
to  which  I  have  alluded,  but  also  because  I  think  that  the 
additional  element  which  Mr.  "Wallace  mentions — i.e.,  the 
separation  of  breeding  and  subsistence  areas — ^is  a  most  im- 
portant one. 

"  Let  us  suppose  that  in  any  species  of  migratory  bird, 
breeding  can  as  a  rule  be  only  safely  accomplished  in  a  given 
area ;  and  further,  that  during  a  great  part  of  the  rest  of  the 
year  sufficient  food  cannot  be  obtained  in  that  area.  It  wUl 
follow  that  these  birds  which  do  not  leave  the  breeding  area 
at  the  proper  season  will  suffer,  and  ultimately  become 
extinct ;  which  will  also  be  the  fate  of  those  which  do  not 
leave  the  feeding  area  at  the  proper  time.  Now  if  we  sup- 
pose that  the  two  areas  were  (for  some  remote  ancestor  of  the 
existing  species)  coincident,  but  by  geological  and  climatic 
changes  gradually  diverged  from  each  other,  we  can  easily 
understand  how  the  habit  of  incipient  and  partial  migration 
at  the  proper  season  would  at  last  become  hereditary,  and 
so  fixed  as  to  be  what  we  term  an  instinct.  It  will  probably 
be  found  that  every  gradation  still  exists  in  various  parts  of 
the  world,  from  a  complete  coincidence  to  a  complete  separa- 
tion of  the  breeding  and  subsistence  areas ;  and  when  the 
natural  history  of  a  sufficient  number  of  species  in  all  parts 
of  the  world  is  thoroughly  worked  out,  we  may  find  every 
link  between  species  which  never  leave  a  restricted  area  in 
which  they  breed  and  live  the  whole  year  round,  to  those 
other  cases  in  which  the  two  areas  are  absolutely  separated. 
The  actual  causes  that  determine  the  exact  time,  year  by 
year,  at  which  certain  species  migrate,  will  of  course  be  diffi- 
cult to  ascertain.  I  would  suggest,  however,  that  they  will 
be  found  to  depend  on  those  climatic  changes  which  most 
affect  the  particular  species.  The  change  of  colour,  or  the 
fall  of  certain  leaves;  the  change  to  the  pupa  state  of 
certain  insects ;    prevalent  winds  or  rains ;    or  even  the 

*  Captain  Hutton  also  foreshadowed  these  views  in  1872;   see  Trans. 
New  Zealand  Intt,,  p.  285. 
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decreased  temperature  of  the  earth  and  water,  may  all  have 
their  influence." 

It  will  be  observed  that  this  theoiy,  besides  being  intrin- 
sically probable,  derives  a  good  deal  of  support  from  the 
enquiries  made  by  Mr.  Darwin,  which  have  shown  that  there 
is  a  general  relationship  between  oceanic  islands  which  there 
is  independent  reason  to  conclude  have  never  been  joined  to 
the  mainland,  and  an  absence  of  migratory  birds.* 

It  will  also  be  observed  this  theory  makes  two  important 
assumptions — first,  that  the  birds  have  a  very  accurate  sense 
of  direction,  and  second,  that  a  no  less  accurate  knowledge  of 
the  particular  direction  to  be  pursued  is  inherited ;  for  it  is 
certain  that  the  young  Cuckoo  (which  leaves  England  after 
its  parents)  cannot  be  guided  on  its  first  journey  by  any  other 
means,  and  it  is  asserted  that  the  same  is  true  of  the  young 
of  many  other  species.t  Taking  then  these  assumptions 
separately,  the  first  is  no  more  than  a  statement  of  fact,  un- 
accountable though  the  fact  may  be.  That  is  to  say,  a  very 
accurate  sense  of  direction  migratory  birds  unquestionably 
possess,  and  it  is  probably  the  same  in  kind  as  the  so-called 
"homing"  faculty  which  is  shown  by  many  domesticated 
animals,  and  also,  as  Mr.  Darwin  points  out,  by  savage  man. 
I  could  fill  pages  with  letters  which  I  have  received  from 
all  parts  of  the  world  describing  more  or  less  remarkable 
ciEUses  of  the  display  of  this  faculty  by  dogs,  cats,  horses,t 

*  To  be  quite  fair,  however,  I  must  here  allude  to  the  onlj  fact  I  have 
met  with  which  seems  to  me  opposed  to  this  theory.  Mr.  Uurdis  in  his 
work  entitled  The  Natwralut  in  Bermuda,  obserres  that  the  migratory  golden 
plover  (Chamdriw  marmoratue)  passes  over  the  islands  in  countless  multi* 
tudes  (but  without  ever  alighting)  on  the  journey  south,  while  they  are  never 
B3en  passing  over  the  islands  on  their  return  journey  north.  Now,  if  it  is  a 
fact  tnat  the  two  journeys  are  taken  by  different  routes,  a  difficulty  would  be 
encountered  by  the  above  theory ;  but  as  Mr.  Hurdis  says  that  tne  birds  fly 
at  an  enormous  heieht  while  passing  over  the  islands  on  their  southern 
journey,  it  is  not,  I  think,  impossible  that  they  may  take  the  same  route  on 
their  northern  journey,  although  at  a  still  higher  elevation,  and  thus  escape 
notice. 

t  See  Temminck,  Man.  d'Orn.,  ed.  2,  iii,  Introd.,  p.  xliii,  and  Seebohm, 
Siberia  in  Europe,  On  the  other  hand  Leroy  says  that  in  the  case  of  swallows 
"  those  who  have  had  no  instruction  do  not  migrate,  and  the  young  birds 
a  ■e  seen  to  be  led  by  those  whose  age  and  experience  give  them  knowledge 
and  authority  ;"  and  adds  that  if  a  brood  are  hatched  out  too  late  to  accom- 
pany the  old  birds  in  their  migration,  "  it  is  in  vain  that  they  reach  maturity 
.  .  .  .  they  perish  the  victims  of  their  ignorance,  and  of  the  tardy  birth 
which  made  them  unable  to  follow  their  parents  "  {loo,  cit.,  pp.  183-4). 

X  I  have  one  instance  of  a  cat  returning  in  four  days  from  London  to 
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asses,  cows,  sheep,  goats,  and  pigs ;  but  as  so  many  similar 
cases  are  already  on  record,  I  feel  it  is  needless  to  add  to  the 
number.  The  remarkable  fact  is  that  the  animals  are  able 
to  find  their  way  back  over  immense  distances,  even  though 
the  outgoing  journey  has  been  made  at  night,  or  in  a  closed 
box ;  so  that  it  is  truly  upon  some  sense  of  direction,  and 
not  merely  upon  a  memory  of  landmarks,  that  they  must 
rely.  Moreover,  it  is  certain  that  in  many  cases,  if  not  as  a 
general  rule,  the  animals  on  their  return  journey  do  not 
traverse  the  exact  route  which  they  had  taken  in  the  out- 
going journey,  but  take  the  "  bee-line  ";*  so  that,  for  instance, 
if  the  out-going  journey  has  been  made  over  two  sides  of 
a  triangle,  the  return  journey  will  most  probably  be  made 
over  the  third  side.  One  instance,  the  account  of  which  I 
have  received  from  a  correspondent  in  Australia,  is  of  suflfi- 
cient  interest  in  this  connection  to  quote.  "  A  pair  of  horses 
were  sent  many  hundred  miles  round  the  Australian  coast  by 
ship ;  as  they  did  not  like  their  new  quarters,  they  started 
back  by  land ;  but  after  returning  230  miles  they  were  pulled 
up  by  a  peninsula  on  the  coast,  where  they  were  eventually 
recovered.  They  did  not  attempt  to  retrace  their  steps  to 
clear  this  difl&cidty."t 

Huddenfield,  a  distance  of  two  hundred  miles.  A  stUl  more  remarkable  case, 
however,  was  published  by  Mr.  J.  B.  Andrews  in  Nature  several  years  ago 
(vol.  viii,  p.  6).  The  Archduchess  Marie  Begnier  passed  the  winter  of  1871-2 
at  the  Hotel  Yictoria,  in  Mentone,  and  while  there  took  a  fttncy  to  a  spaniel 
belonging  to  the  landlord,  M.  Milandri.  In  the  spring  of  1872  she  brought 
the  dog  with  her  by  rail  to  Vienna.  Not  long  afterwaras  it  reappeared  at  the 
hotel  in  Mentone,  having  thus  run  a  distance  of  nearly  a  thousand  miles.  On 
arriving  it  died  of  fatigue  and  was  buried  in  the  hotelgaidens,  where  a 
monument  now  commemorates  the  performance.  Mr.  A.  W.  Howitt  writing 
to  Nature  from  Victoria  at  about  the  same  time  (vol.  viii,  p.  822)  gives  a 
number  of  cases  of  horses  and  cattle  finding  their  way  home  over  greater  or 
less  distances,  and  I  specially  allude  to  his  communication  because  he  says 
that  in  some  of  the  cases  the  return  journey  was  made  after  a  considerable 
lapse  of  time — months  and  even  years. 

*  This  is  an  American  term  which  I  employ  because  in  itself  showing 
the  observed  regularity  of  the  fact  as  regards  bees — it  being  the  custom  to 
find  wild  hives  of  honey  by  catching  several  bees,  and  letting  them  go  again 
from  different  places.  The  insects  under  these  circumstances  make  straight 
for  their  hive,  so  that  by  observing  the  point  where  several  "  bee-Unes " 
intersect,  the  honey  seekers  are  able  to  find  the  hive. 

1 1  may  here  also  quote  an  observation  by  Mr.  Darwin  to  the  same  effect : — 
"  I  sent  a  riding-horse  by  railway  from  Kent  vid  Yarmouth,  to  Freshwater  Bay, 
in  the  Isle  of  "Wight.  On  the  first  day  that  I  rode  eastward,  my  horse,  when 
I  turned  to  go  home,  was  very  unwilling  to  return  towards  his  stable,  and  he 
Mvenl  timet  turned  round.    This  led  me  to  make  repeated  trials,  and  every 
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Now  it  is  evident  that  this  fact  alone — i.e.,  of  animals  not 
requiring  to  return  by  the  same  route — is  sufficient  to  dis- 
pose of  the  hypothesis  advanced  by  Mr.  Wallace*  to  the  effect 
that  the  return  journey  is  due  to  a  memory  of  the  odours 
perceived  during  the  out-going  journey,  these  odours  thus 
serving  as  land- marks.  Therefore  it  seems  to  me  there  are 
only  two  hypotheses  open  to  us  whereby  to  meet  the  facts. 
First,  it  has  been  thought  possible  that  animals  may  be 
endowed  with  a  special  sense  enabling  them  to  perceive  the 
magnetic  currents  of  the  earth,  and  so  to  guide  themselves  as 
by  a  compass.  There  is  no  inherent  impossibility  attaching 
to  this  hypothesis,  but  as  it  is  wholly  destitute  of  evidence, 
we  may  disregard  it.  The  only  other  hypothesis  is  that 
animals  are  able  to  keep  an  unconscious  register  of  the  turns 
and  curves  taken  in  the  outgoing  journey,  and  so  to  retain  a 
general  impression  of  their  bearings.  This  hypothesis  is 
substantiated  by  the  fact  that,  as  Mr.  Darwin  observes, 
savage  man  is  certainly  endowed  with  some  such  faculty; 
and  a  friend  of  my  own  (Mr.  Henry  Forde  quoted  below), 
who  has  spent  many  years  in  the  forests  and  prairies  of 
America,  informs  me  that  even  civilized  man  when  long 
accustomed  to  such  primitive  habits  of  life,  acquires  this 
faculty  in  a  degree  of  perfection  quite  comparable  with  that  of 
savages.  He  also  informs  me  that,  occasionally,  without  any 
assignable  rea^ion,  the  sense  of  direction  becomes  confused, 
leading  to  a  distressed  sensation  of  bewilderment.  He  has 
seen  a  hunter  thus  reduced  to  a  lamentable  condition  of 
nervousness,  and  when  at  last  he  abandoned  himself  to  the 
leadership  of  his  companions  (who  relied  entirely  on  their 
own  sense  of  direction),  he  felt  persuaded  that  they  were 
going  the  wrong  way.  But  on  approaching  his  dwelling- 
place  he  recognized  one  of  the  trees,  and  declared  that  a 
particular  notch  upon  it  had  passed  round  to  the  other  side 
of  the  trunk.     Eventually  he  said  that  the  whole  world 


time  that  I  slackened  the  reins,  he  turned  sharply  round  and  began  to  trot  to 
the  eastward  by  a  little  north,  which  was  nearly  in  the  direction  of  his  home 
in  Kent.  I  had  ridden  this  horse  daily  for  several  years,  and  he  had  never 
before  behaved  in  this  manner.  My  impression  was  that  he  somehow  knew 
the  direction  whence  he  had  been  brought.  I  should  state  that  the  last  stage 
from  Yarmouth  to  Freshwater  is  almost  due  south,  and  along  this  road  he 
had  been  ridden  by  my  groom ;  but  he  never  once  showed  any  wish  to  return 
in  this  direction  "  (Nature,  vol.  vii,  p.  860).  See  also  Nature,  viii,  p.  322. 
•  Nature,  loo.  oit, 
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seemed  to  have  turned  round  him  as  a  centre.  In  this  con- 
nection I  may  quote  the  following  passage  from  a  letter 
published  some  years  ago  by  Mr.  Darwin  in  "Nature" 
(vol.  vii)  :— 

"  The  manner  in  which  the  sense  of  direction  is  sometimes 
suddenly  disarranged  in  very  old  and  feeble  persons,  and  the 
feeling  of  strong  distress  which,  as  I  know,  has  been  experi- 
enced by  persons  when  they  have  suddenly  found  out  that 
they  have  been  proceeding  in  a  wholly  unexpected  and  wrong 
direction,  leads  to  the  suspicion  that  some  part  of  the  brain 
is  specialized  for  the  function  of  direction.  Whether  animals 
may  not  possess  the  faculty  of  keeping  a  dead-reckoning  of 
their  course  in  a  much  more  perfect  degree  than  man ;  or 
whether  this  faculty  may  not  come  into  play  on  the  com- 
mencement of  a  journey,  when  an  animal  is  shut  up  in  a 
basket,  I  will  not  attempt  to  discuss,  as  I  have  not  sufficient 
data."  He  also  alludes  to  the  case  of  Audubon's  pinioned 
wild  goose,  which  showed  a  very  determined  impulse  to 
migrate  at  the  proper  season,  but  mistook  the  direction  and 
went  due  north  instead  of  south. 

Lastly,  I  may  quote  the  following  from  Dr.  Bastian's 
work  on  the  Brain.* 

"On  this  subject,  G.  C.  Merrill,  writing  from  Kansas, 
says : — 

'  I  have  learned  from  the  hunters  and  guides  who  spend 
their  lives  on  the  plains  and  mountains  west  of  us,  that  no 
matter  how  far,  or  with  what  turna,  they  may  have  been  led, 
in  chasing  the  bison  or  other  game,  they,  on  their  return  to 
camp,  always  take  a  straight  line.  In  explanation,  they  say 
that,  unconsciously  to  themselves,  they  have  kept  all  the 
turns  in  their  mind.* 

"  Referring  to  his  travels  in  the  State  of  Western  Virginia, 
Mr.  Henry  Forde  ('Nature,'  April  17,  1873,  p.  463)  writes 
as  follows : — '  It  is  said  that  even  tlie  most  experienced  hun- 
ters of  the  forest-covered  mountains  in  that  unsettled  region 
are  liable  to  a  kind  of  seizure — that  they  '  lose  their  heads  * 
all  at  once,  and  become  convinced  that  they  are  going  in 
quite  the  contrary  direction  to  what  they  had  intended,  and 
that  no  reasoning  nor  pointing  out  of  land-marks  by  their 
companions,  nor  observations  of  the  position  of  the  sun,  can 

*  Brain  as  an  Organ  of  Mind,  p.  215,  where  see  also  for  cases  of  way* 
finding  in  animals. 
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overcome  their  feeling ;  it  is  accompanied  by  great  nervous- 
ness and  a  general  sense  of  dismay  and  '  upset.'  The  nervous- 
ness comes  after  the  seizure,  and  is  not  the  cause  of  it.  This 
is  spoken  of  by  the  natives  as  '  getting  turned  round.'  The 
feeling  sometimes  ceases  suddenly,  or  it  may  wear  away 
gradually.  Colonel  Lodge,  in  his  '  Hunting  Grounds  of  the 
Far  West,'  1876,  speaks  of  the  same  kind  of  feelings  seizing 
upon,  and  occasionally  demoralizing,  old  and  experienced 
prairie  travellers.  Indian  chiefs  all  concurred  in  assuring 
G.  Catlin  (*  Life  amongst  the  Indians,'  p.  96)  that  *  whenever 
a  man  is  lost  on  the  prairies,  he  travels  in  a  circle,  and  also 
that  b'j  invariably  turns  to  the  left ;  of  which  singular  fact,* 
the  author  adds,  '  I  have  become  doubly  convinced  by  subse- 
quent proofs.* " 

But  it  is  evident  that  definite  experiments  on  this  homing 
faculty,  both  in  men  and  in  animals,  are  required  before  we 
can  be  in  a  position  to  say  anything  more  with  regard  to  it 
than  admitting  it  as  a  matter  of  fact.  The  only  experiments 
which  have  been  made,  so  far  as  I  am  aware,  are  those  of  Sir 
John  Lubbock,  on  the  sense  of  direction  in  the  Hymenoptera 
Cto  which  I  shall  allude  presently),  and  those  which  have 
more  recently  been  published  by  M.  Fabre,*  who  also  ex- 
perimented upon  the  Hymenoptera.  As  the  last-named 
author  believes  that  he  has  established  a  very  definite  conclu- 
sion by  means  of  his  experiments,  it  is  necessary  that  I 
should  make  a  few  remarks  upon  them. 

At  the  suggestion  of  Mr.  Darwin,  he  placed  some  marked 
mason-bees  in  a  closed  paper  box,  carried  them  thus  im- 
prisoned for  some  distance  in  one  direction,  then  rotated  the 
box  and  carried  them  a  much  greater  distance  in  the  opposite 
direction,  after  which  he  released  the  insects.  He  found 
that  when  the  distance  to  which  the  bees  were  taken  was  as 
much  as  three  kilometres,  and  even  when  the  rotation  was 
very  considerable  (the  box  being  placed  in  a  sling  and 
rotated  in  various  planes  at  several  points  in  the  route)  a 
certain  percentage  of  the  bees  returned  home.  It  made  no 
difference  whether  the  bees  were  released  in  an  open  space  or 
in  a  thick  wood ;  neither  did  it  make  any  difTerence  whether 
the  outgoing  journey  were  performed  in  a  straight  line  or  in 
a  circuitous  curve.    From  these  experiments  M.  Fabre  con- 

*  2fouveaux  Souvenirs  Entomologiquet,  1882,  pp.  99-123. 
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eludes  that  the  sense  of  direction  cannot  depend  upon  any 
process  of  dead-reckoning.  At  the  suggestion  of  Mr.  Darwin 
he  also  tried  the  effect  of  attaching  a  magnetized  needle  to 
the  thorax  of  a  bee ;  but  the  bee  having  succeeded  in  getting 
rid  of  the  encumbrance,  he  did  not  repeat  the  experiment. 

Now,  although  the  observations  with  the  rotating  box  are 
no  doubt  very  interesting,  they  do  not  appear  to  me  to  sustain 
the  definite  conclusion  that  the  sense  of  direction  is  not  due 
to  a  process  of  dead-reckoning.  It  is  of  course  impossible 
to  suppose  that  the  bees  could  retain  a  register  of  all  the 
turns  to  which  they  were  submitted  in  the  sling,  and,  there- 
fore, if  it  were  certain  that  they  found  their  way  home  by 
means  of  their  sense  of  direction,  I  should  agree  with 
M.  Fabre  in  concluding,  once  for  all,  against  the  theory  of 
dead-reckoning.  But  there  is  no  evidence  to  show  that  the 
bees  which  found  their  way  home  did  so  by  means  of  their 
sense  of  direction^  It  is  quite  possible  that  they  found  their 
way  home  simply  from  their  knowledge  of  land-marks ;  for 
the  distance  to  which  they  were  taken  was  only  three  kilo- 
metres, and  it  is  known  that  the  hive-bee  will  go  three  times 
that  distance  in  its  ordinary  foraging  excursions.*  Moreover, 
the  fact  that  only  a  comparatively  small  number  of  the  bees 
succeeded  in  returning  (about  22  per  cent.),  is  suggestive  of 
the  explanation  that  these  were  the  only  ones  which,  during 
the  random  Aight  of  the  whole  number  in  sundry  directions, 
happened  to  encounter  land-marks  with  which  they  were 
familiiu:.  I  am  therefore  inclined  to  feel  that  any  sense  of 
direction  which  existed  in  these  insects  may  very  well  have 
been  rendered  useless  by  these  experiments,  and  yet  that  the 
results  of  the  experiments  might  have  been  exactly  those 
which  M.  Fabre  describes. 

Returning,  however,  to  the  case  of  migration,  I  think  it  is 
not  very  improbable  that  the  sense  of  direction  may  be  greatly 
assisted  by  observing  the  direction  of  the  sun  with  reference 
to  the  appropriate  line  of  flight.  It  is  true  that  many  migra- 
tory biids  fly  at  night ;  but  in  this  case,  even  if  the  moon  is 
not  available  to  steer  by  instead  of  the  sun,  during  much  of 
the  night  the  directions  of  sun-set  and  sun-rise  are  clearly 
indicated  by  the  light  of  the  sky ;  and  it  appears  that  on 
very  dark  and  cloudy  nights  migratory  birds  are  apt  to  become 


*  See  Animal  Intelligence,  p.  160. 
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confused*  The  possibility  thus  su^ested  receives,  I  tliink, 
some  countenance  from  the  following  fact.  In  "Animal 
latelligence  "  I  recorded  a  number  of  observations  which  had 
been  made  by  Sir  John  Lubbock  on  the  sense  of  direction  as 
exhibited  by  ants.  These  experiments  yielded  results  of  a 
most  definite  nature,  and  thus  led  Sir  John  to  conclude  that 
ants  are  endowed  with  the  sense  of  direction  in  a  singular 
degree.  Subsequently,  however,  he  has  found  (accidentally 
in  the  first  instance)  that  in  all  these  experiments  the  ants 
found  their  way  by  observing  the  direction  in  which  the  light 
was  falling;  so  that,  as  long  as  the  source  of  light  was 
stationary,  no  matter  how  many  times  he  turns  them  round 
upon  a  rotating  table,  when  the  rotation  ceased  they  knew 
their  road  to  and  from  the  hive  as  well  as  they  did  before  the 
rotation;  whereas,  if  the  source  of  light  were  shifted,  the 
insects  at  once  became  confused  as  to  their  bearings,  even 
though  not  rotated  at  all.t  Now  if  ants  thus  habitually 
guide  themselves  by  observing  the  direction  in  which  the 
light  is  falling  (i.e.,  the  position  of  the  sun),  I  do  not  see  why 
migratory  birds  should  not  be  assisted  by  similar  means. 

This,  however,  I  only  put  forward  as  a  conjecture.  The 
fact  that  migratory  birds,  like  many  other  animals,  are  in 
some  way  able  to  hold  a  true  course  in  order  to  reach  a  par- 
ticular locality,  is  a  fact  which  confessedly  we  are  not  able  to 
explain.  But — and  this  is  the  most  important  point  for  us — 
our  inability  to  explain  this  fact  in  the  present  state  of  our 
information,  is  no  objection  to  the  theory  of  instinct  on  which 
we  are  engaged.  We  cannot  doubt  that  the  fact  admits  of 
some  explanation,  and  when  we  certainly  know  what  this 
explanation  is,  we  shall  first  be  able  to  ascertain  whether  the 
faculty  of  way-finding  is  or  is  not  compatible  with  the 
foregoing  theory  of  the  evolution  of  instinct. 

Let  us  turn  now  to  the  second  of  the  two  assumptions 
above  alluded  to  as  necessary  in  order  to  embrace  the  Ikjts  of 
migration  under  the  theory — viz.,  the  assumption  that  some 
at  least  among  migratory  birds  must  possess,  by  inheritance 
alone,  a  very  precise  knowledge  of  the  particular  direction  to 

•  See  Profegsor  Newton  in  Nature,  vol.  li,  p.  6,  who  says,  "  Dark  cloudy 
niBbts  seem  to  disconcert  the  travellen.  On  such  nights  the  attention  of 
others  besides  myself  has  often  been  directed  to  the  cries  of  a  mixed  multitude 
of  birds  hovering  over  this  (Cambridge)  and  other  towns,  apparentlv  at  a 
loss  whither  to  proceed,  and  attracted  by  the  light  of  the  street  lamps.        • 

t  See  Journ,  Linn.  Soc,  1888. 
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be  pursued.    It  is,  without  question,  an  astonishing  fact  that 
a  young  cuckoo  should  be  prompted  to  leave  its  foster-parents 
at  a  particular  season  of  the  year,  and  without  any  guide  to 
show  the  course  previously  taken  by  its  own  parents ;  but 
this  is  a  fact  which  must  be  met  by  any  theory  of  instinct 
which  aims  at  being  complete.    Now  upon  our  own  theory  it 
can  only  be  met  by  taking  it  to  be  due  to  inherited  memory.   I 
confess  to  me  it  seems  incredible  that  many  hundred  miles  of 
landscape  scenery  should  constitute  an  object  of  inherited 
memory,*  to  say  nothing  of  long  stretches  of  ocean ;  but  the 
case  is  not  quite  so  hopeless  as  to  require  so  extreme  a 
hypothesis.    When  we  say  that  upon  our  theory  the  young 
cuckoo  must  be  supposed  to  find  its  way  on  its  first  journey 
by  inherited  memory,  we  need  not  necessarily  affirm  that  this 
is  the  memory  of  a  landscape.    As  I  have  said  in  the  pre- 
vious paragraphs,  we  do  not  yet  know  what  it  is  that  guides 
the  course  of  migratory  birds  in  general ;  but  whatever  this 
may  be,  it  can  scarcely  be  the  appearance  of  the  country  over 
which  they  pass,  seeing  not  only  that  the  distances  are  so 
great  and  that  two  hundred  or  three  hundred  miles  of  ocean 
may  separate  one  piece  of  country  over  which  they  travel 
from  another,  but  also  that  the  journeys  may  be  taken  by 
night.    Of  what,  then,  is  the  inherited  memory  on  which  the 
young  cuckoo  (if  not  also  other  migratory  birds)  depends  ? 
We  can  only  answer.  Of  the  same  (whatever  this  may  be)  as 
that  upon  which  the  old  birds  depend.    When  we  certainly 
know  what  this  is,  we  shall  first  be  able  to  ascertain  whether 
it  is  incompatible  with  the  theory  of  evolution  to  suppose 
that  it  can  be  an  object  of  hereditary  memory.    Thus,  for  the 
sake  of  example,  let  us  suppose  that  the  old  birds  in  their 
outgoing  journey  guide  their  way  by  flying  towards  the  south 
wind  (as  has  been  suggested  to  me  by  Mr.  William  Black, 
who  believes  that  swallows  always  start  against  the  south 
wind);  heredity  would  in  this  case  have  an  easy  task  in 
associating  the  warm  moist  breath  of  this  wind  with  a  desire 
to  fly  against  it.    Of  course  I  only  adduce  this  suggestion  in 
order  to  show  how  simple  the  mere  question  of  heredity 
might  become,  if  once  we  knew  the  means  whereby  migratory 
birds  in  general  find  their  way.    The  only  difference  between 
the  faculty  of  homing  and  the  instinct  of  migration,  so  far  as 

*  Thii  theory  waa  fint  advanced  by  Oanon  Eingsley  {Nature,  Jan.  18, 
1807),  and  has  smoe  been  independently  suggested  by  several  writers. 
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the  matter  of  way-finding  is  concerned,  seems  to  me  to  be 
this — that  in  the  case  of  the  young  cuckoo,  and  perhaps  also 
in  that  of  certain  other  migratory  birds,  the  animals  know 
their  way  instinctively,  or  without  even  one  lesson.  But  if 
we  could  ascertain  upon  what  it  is  that  the  faculty  of  homing 
depends  (which,  be  it  observed,  is  not  an  instinct,  seeing  that 
its  occurrence  is  the  exception  and  not  the  rule,  even  in  the 
species  which  exhibit  it),  we  might  very  probably  get  a  clue 
to  explain  the  manner  in  which  heredity  has  been  able  to 
work  up  this  faculty  into  the  instinct  of  migration. 

No  doubt  this  discussion  is  most  unsatisfactory,  and  the 
reason  is  that  we  are  so  much  in  the  dark  about  the  facts. 
All,  therefore,  that  I  have  attempted  to  do  is  to  show  that,  in 
the  present  state  of  our  information,  the  migratory  instinct 
cannot  fairly  be  quoted  as  a  difficulty  in  the  way  of  our 
theory  of  the  formation  of  instincts  in  general.  And,  in 
order  to  give  emphasis  to  this  statement,  I  may  allude  to  the 
general  facts  already  mentioned — viz.,  that  the  migratory 
instinct  is  both  variable  and  graduated,  that  it  is  occasionally 
exhibited  by  domesticated  animals,  and  that  the  sense  of 
direction  on  which  it  depends  is  a  very  general  one  among 
animals,  if  not  also  in  savage  man ;  for  all  these  facts  tend  to 
show  that  whatever  the  causation  of  the  migratory  instinct 
may  be,  it  has  probably  been  proceeding  upon  the  line*  of 
evolution  in  general.  ,,j. 


I. 


V- 


Instincts  of  Neuter  Insects. 

Mr.  Darwin  has  pointed  out  a  serious  difficulty  lying 
against  his  theory  of  the  origin  of  instincts  by  natural  selection, 
and  one  which,  as  he  justly  remarks,  it  is  surprising  that  no 
one  should  have  previously  advanced  against  the  well-known 
doctrine  of  inherited  habit,  as  taught  by  Lamarck.  The 
difficulty  is  that  among  various  species  of  social  insects,  such 
as  bees  and  ants,  there  occur  "  neuter,"  or  asexual  individuals, 
which  manifest  entirely  different  instincts  from  the  other 
or  sexual  individuals,  and,  as  the  neuters  cannot  breed,  it  is 
difficult  to  understand  how  their  peculiar  and  distinctive 
instincts  can  be  formed  by  natural  selection,  wliich,  as  we 
have  seen,  requires  for  its  operation  the  transmission  of 
mental  faculties  by  heredity.  The  difficulty  is  increased  by 
the  fact  that  among  the  termites  and  many  species  of  ants 
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several  varieties  or  "  castes  "  of  neuters  occur  in  the  same  nest, 
which  differ  widely  from  one  another  both  in  structure  and 
in  instincts.  The  only  possible  way  in  which  this  difficulty 
can  be  met  is  the  way  in  which  it  has  been  met  by  Mr.  Darwin, 
viz.,  by  supposing  "that  selection  may  be  applied  to  the 
family  as  to  the  individual."  "  Such  faith  may  be  placed  in 
the  power  of  selection  that  a  breed  of  cattle  always  yielding 
oxen  with  extraordinarily  long  horns  could,  it  is  probable,  be 
formed  by  carefully  watching  which  individual  bulls  and 
cows,  when  matched,  produced  oxen  with  the  longest  horns ; 
and  yet  no  one  ox  would  ever  have  propagated  its  kind ;" 
and  similarly,  of  course,  with  regard  to  the  instincts  of 
neuters.  Otherwise  stated,  we  may  regard  the  nest  or  hive 
as  itself  an  organism  of  which  the  sexual  insects  and  the 
several  castes  of  neuters  constitute  the  organs  ;  and  we  may 
then  suppose  natural  relation  to  operate  upon  this  organism 
as  a  wliole,  somewhat  in  the  same  way  as  we  habitually 
suppose  it  to  operate  upon  the  "  social  organisms "  or  com- 
munities of  mankind.  No  doubt,  when  carefully  considered, 
the  analogy  between  a  hive  and  an  organism,  or  even  between 
a  hive  and  a  social  community,  is  not  a  close  analogy  so  far 
as  the  modus  operandi  of  natural  selection  is  concerned ;  for  in 
the  one  case  the  analogie  of  organs  is  a  variety  of  separate 
individuals,  while  in  the  other  case  there  is  no  such  great 
contrast  between  differero  classes  of  a  human  community  as 
that  which  obtains  among  the  different  castes  of  an  insect 
community.  The  root  of  the  question  really  consists  in 
whether  or  not  it  is  possible  to  suppose  that  natural  selection 
may  operate  upon  specific  types  as  distinguished  from  indivi- 
dual members  of  species.  During  his  life-time  I  had  the 
advantage  of  discussing  this  question  with  Mr.  Darwin,  and 
I  ascertained  from  him  that  it  had  greatly  occupied  his 
thoughts  while  writing  the  "  Origin  of  Species ;"  but  that, 
finding  it  to  be  a  question  of  so  much  intricacy,  he  deemed  it 
unadvisable  to  enter  upon  its  exposition.  It  would  occupy 
too  much  space  were  I  to  attempt  such  an  exposition  here, 
and  I  have  alluded  to  the  subject  only  because  I  desire  to 
show  that  it  is  really  this  general  question  which  is  involved 
:xi  the  case  of  the  special  difficulty  with  which  we  are  now 
concerned.  On  some  future  occasion  I  intend  to  argue  this 
general  question,  and  then  I  shall  hope  to  mitigate  the  force 
of  this  special  difficulty.    I  may,  however,  point  to  one  fact 
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which  Mr.  Darwin  has  observed,  and  which  is  of  much 
importance  as  indicating  that  the  different  castes  of  neuters 
have  arisen  by  degrees,  and  therefore  presumably  under  the 
influence  of  natural  selection.  This  fact  is  that,  when  care- 
fully searched  for,  neuters  presenting  more  or  less  well- 
marked  gradations  of  structure  between  one  caste  and  another 
may  be  occasionally  found  in  the  same  nest.*  On  the  whole, 
therefore,  I  conclude,  with  regard  to  this  particular  case  of 
difficulty,  that  it  is  not  so  formidable  as  to  exclude  the 
explanation  furnished  by  the  hypothesis  of  natural  selection, 
supposing  that  we  have  already  accepted  this  hypothesis  as 
explanatory  of  other  and  less  difficult  cases. 

Instincts  of  the  Spheai. 

Several  species  of  this  division  of  the  Hymenoptera  dis- 
play what  I  think  may  be  justly  deemed  the  most  remarkable 
instincts  in  the  world.  These  consist  in  stinging  spiders, 
insects,  and  caterpillars  in  their  chief  nerve-centres,  in  con- 
sequence of  which  the  victims  are  not  killed  outright,  but 
rendered  motionless;  they  are  then  conveyed  to  a  burrow 
previously  formed  by  the  Sphex,  and,  continuing  to  live  in 
their  paralyzed  condition  for  several  weeks,  are  at  last  avail- 
able as  food  for  the  larvae  when  these  are  hatched.  Of  course 
the  extraordinary  fact  which  stands  to  be  explained  is  that 
of  the  precise  anatomical,  not  to  say  also  physiological  know- 
ledge which  appears  to  be  displayed  by  the  insect  in  stinging 
only  the  nerve-centres  of  its  prey.  The  following,  so  far  as 
is  at  present  known,  are  the  main  features  of  this  very  sur- 
prising case. 

The  same  species  of  Sphex  always  preys  upon  the  same 
species  of  victim.  When  the  victim  is  a  spider,  the  instinct 
of  its  assailant  dictates  that  a  single  sting  shall  be  given  in 
the  large  ganglion  where,  in  the  case  of  the  spider,  most  of 
the  central  nervous  matter  is  aggregated.  When  the  victim 
is  a  beetle,  the  Sphex  which  preys  upon  it — there  are  eight 
species  which  prey  upon  two  genera — first  throws  the  insect 
upon  its  back,  then  embraces  it  and  plunges  the  sting  through 
the  membranes  between  the  first  and  the  second  pairs  of  legs ; 
the  sting  thus  strikes  the  main  nerve-centre,  which  is  unusually 
agglomerated  in  beetles  of  this  genus.    When  the  prey  is  a 

*  See  Origin  qf  Speciei,  281-2. 
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cricket,  the  insect  is  thrown,  as  in  the  previous  case,  upon  its 
back,  and  while  holding  it  down  with  her  mandibles  firmly- 
fastened  upon  the  last  segment  of  its  abdomen,  her  feet  on 
the  sides  holding  down  the  body  of  the  cricket — the  anterior 
feet  holding  down  the  long  posterior  legs  of  the  prey,  and  the 
hind  feet  holding  back  the  mandibles,  so  as  to  prevent  these 
from  biting,  and  at  the  same  time  making  tense  the  mem- 
branous junction  of  the  head  with  the  body — the  Sphex  darts 
her  sting  successively  into  three  nerve-centres ;  first  into  the 
one  below  the  neck  which  she  has  stretched  back  for  the  pur- 
pose, next  into  the  one  behind  the  prothorax,  and  lastly  into 
the  one  lower  down.  A  cricket  thus  paralyzed  will  live  for 
six  weeks  or  more.  When  the  prey  is  a  caterpillar,  a  series 
of  six  to  nine  stings  are  given,  one  between  each  of  the  seg- 
ments of  the  body  beginning  from  the  anterior  end;  the 
brain  is  then  partially  crushed  by  a  bite  with  the  man- 
dibles.* 

Now  so  far  as  the  spider  and  the  beetle  are  concerned,  I 
do  not  see  much  difficulty  presented  by  the  facts  to  our 
theory  of  the  formation  of  instincts.  For  as  both  the  large 
nerve-centres  of  the  Spider  and  the  sting  of  the  Sphex  occur 
upon  the  median  line  of  their  respective  possessors,  if  the 
stinging  of  the  ganglion  were  in  the  first  instance  accidentally 
favoured  by  this  coincidence — which  appears  to  me  not  im- 
probable, seeing  that  the  nerve-centre  is  thus  the  most  likely 
place  for  the  sting  to  strike, — it  is  evident  that  natural  selec- 
tion would  have  had  excellent  material  on  which  to  work  for 
the  purpose  of  developing  such  an  instinct  as  we  now  observe. 
Again,  in  the  case  of  the  beetle,  M.  Fabre  expressly  notices 
that  the  only  vulnerable  point  in  the  hard  casing  of  the 
animal  is  in  the  articulation  where  the  Sphex  thrusts  her 
sting ;  so  that  there  is  nothing  very  remarkable  in  natural 
selection  having  developed  an  instinct  to  sting  at  the  only 
place  in  the  body  of  the  prey  where  stinging  is  mechanically 
possible. 

But  the  case  is  certainly  very  different  with  the  cricket 
and  the  caterpillar;  for  here — or  at  least  in  tlie  latter  case — 
we  encounter  the  extraordinary  and  unavoidable  fact  of  an 
insect,    without  any    accidental   guiding   or   mechanically 

*  All  the  above  facts  are  taken  from  the  works  of  M.  J.  H.  Fabre 
(Souvenira  Entomologiquea,  1870  and  1883),  who  was  the  first  to  observe  and 
describe  them.  . 
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imposed  necessity,  instinctively  choosing  a  number  of  minut'^ 
points  in  the  uniformly  soft  body  of  its  prey,  with  an  appa- 
rently very  precise  knowledge  that  it  is  only  at  these  par- 
ticular points  that  the  peculiar  paralyzing  influence  of  its 
sting  can  be  exercised.  After  duly  considering  this  case,  I 
must  candidly  say  that  I  feel  it  to  be  the  most  perplexing 
which  has  yet  been  brought  to  light,  and  the  one  which  is 
most  difficult  of  explanation  upon  the  principles  of  the  fore- 
going theory.  It  is,  however,  most  desirable  that  the  facts 
should  be  more  thoroughly  investigated,  for  it  might  then 
appear  that  some  clue  would  be  given  as  to  the  origin  and 
development  of  this  instinct.  So  far  as  our  information  at 
present  extends,  I  can  only  suggest  that  this  origin  must  have 
been  of  a  purely  secondary  kind,  although  its  subsequent 
development  may  probably  have  been  assisted  by  natural 
selection.  In  other  words,  so  far  as  we  have  any  means  of 
judging,  I  can  see  no  alternative  but  to  conclude  that  these 
wasp-like  animals  owe  their  present  instincts  to  the  high 
inteUigence  of  their  ancestors,  who  found  from  experience 
the  effects  of  stinging  caterpillars  between  the  segments  of 
their  bodies,  and  consequently  practised  the  art  of  so  stinging 
them  till  it  became  an  instinct. 

During  the  last  year  of  his  life  I  had  some  conversation 
with  Mr.  Darwin  upon  this  matter,  and,  after  deliberating 
upon  it  for  some  time,  he  eventually  came  to  the  conclusion 
which  I  have  just  stated — as  will  be  at  once  apparent  from 
the  following  letter  which  he  wrote  to  me,  and  which  will 
serve  in  a  few  words  to  indicate  what  appears,  I  think,  to  be 
the  most  probable  steps  by  which  these  singular  instincts  were 
acq^jiired. 

"  I  have  been  thinking  about  Pompilius  and  its  allies. — 
Please  take  the  trouble  to  read  on  perforation  of  the  corolla 
by  Bees,  p.  425  of  my  "  Cross-fertilization,"  to  end  of  chapter. 
Bees  show  so  much  intelligence  in  their  acts,  that  it  seems  not 
improbable  to  me  that  the  progenitors  of  Pompilius  originally 
stung  caterpillars  and  spiders,  &c.,  in  any  part  of  their  bodies, 
and  then  observed  by  their  intelligence  that  if  they  stung 
them  in  one  particular  place,  as  between  certain  segments  on 
the  lower  side,  their  prey  was  at  once  paralyzed.  It  does  not 
seem  to  me  at  all  incredible  that  this  action  should  then 
become  instinctive,  i.e.,  memory  transmitted  from  one  genera- 
tion to  another.    It  does  not  seem  necessary  to  suppose  that 
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when  Pompilius  stung  its  prey  in  the  ganglion  it  intended  or 
knew  that  their  prey  would  keep  long  alive.  The  development 
of  the  larvae  may  have  been  subsequently  modified  in  relation 
to  their  half -dead,  instead  of  wholly  dead  prey ;  supposing 
that  the  prey  was  at  first  quite  killed,  which  would  have 
required  much  stinging.    Turn  this  over  in  your  mind,"  &c. 

Now  in  Chapter  XIV I  have  already  given  a  short  epitome 
of  the  facts  concerning  the  boring  by  humble-bees  of  holes  in 
corollas,  and  the  subsequent  utihzation  of  the  holes  by  hive- 
bees.  It  will  be  remembered  that  the  connection  in  which  I 
there  alluded  to  the  facts  was  that  of  the  power  of  imitation 
by  one  species  of  the  habits  of  another — the  hive-bees  observ- 
ing that  the  humble-bees  were  saving  time  by  sucking  through 
the  holes  instead  of  entering  the  flowers.  But  the  point 
which  is  of  importance  in  the  present  connection  is  the  intelli- 
gence displayed  by  the  humble-bees  in  originating  the  idea, 
so  to  speak,  of  boring  the  holes.  For  close  observation  shows 
that  they  bore  the  holes  with  as  precise  an  appreciation  of 
the  morphology  of  the  flowers,  as  is  shown  by  the  Sphex  of 
the  morphology  of  spiders,  insects,  or  caterpillars.  Thus  in 
the  case  of  leguminous  flowers  they  bite  only  through  the 
standard  petal,  and  always  on  the  left  side  just  over  the 
passage  to  the  nectar,  which  is  larger  than  the  corresponding 
passage  on  the  right  side.  Therefore,  as  Mr.  Francis  Darwin 
observes,  "it  is  difl&cult  to  say  how  the  bees  could  have 
acquired  this  habit.  Whether  they  discovered  the  inequality 
in  the  size  of  the  nectar-holes  in  sucking  the  flowers  in  the 
proper  way,  and  then  utilized  this  knowledge  in  determining 
where  to  gnaw  the  hole ;  or  whether  they  found  out  the  best 
situation  by  biting  through  the  standard  at  various  points, 
and  afterwards  remembered  its  situation  in  visiting  other 
flowers.  But  in  either  case  they  show  a  remarkable  power  of 
making  use  of  what  they  have  learnt  by  experience."* 

Seeing,  then,  that  Hymenopterous  insects  are  certainly 
proved  by  these  observations  to  be  capable  of  marvellously  in- 
telligent appreciation  of  morphological  structure,  I  think  with 
Mr.  Darwin  that  these  observations  are  most  apposite  to  the 
case  of  the  Sphex.  There  is  not,  after  all,  so  very  much  more 
of  this  kind  of  appreciation  required  to  observe  the  efiects  of 
stinging  a  caterpillar  between  its  segments,  than  to  hit  upon 
the  idea  of  going  outside  a  flower  and  biting  a  hole  on  the 

•  ITature,  Jan.  8, 1874,  p.  189. 
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left  side  of  a  particular  petal,  just  over  the  spot  where  the 
larger  passage  to  the  nectar  is  to  be  found.  But,  as  I  have 
said,  I  feel  that  further  observation — especially  in  the  way  of 
experiment — of  the  facts  is  required  before  we  should  be 
justified  in  giving  a  very  definite  opinion  upon  the  theoretical 
interpretation  of  them.  All  I  can  say  is  that,  in  the  present 
state  of  our  information  upon  the  subject,  Mr.  Darwin's  view, 
as  above  stated,  appears  to  be  the  most  probable  one  that 
can  be  taken.  We  are  not  much  surprised  at  the  instinct  of 
a  Ferret  in  attacking  the  medulla  oblongata  of  a  rabbit,  or  at 
that  of  a  Pole-cat  in  paralyzing  frogs  and  toads  by  injuring 
the  cerebral  hemispheres;*  and  in  both  these  cases — so 
analogous  to  that  which  we  are  now  considering — the  instinct 
must  have  originated  by  iDtelligent  observation  of  the  effects 
of  biting  these  particular  parts  of  the  prey.  But  neither  a 
ferret  nor  a  pole-cat  is  a  particularly  intelligent  animal,  so 
that  we  are  perhaps  too  ready  to  feel  surprise  at  the  pos- 
sibly similar  degree  of  intelligence  displayed  by  insects 
which  belong  to  the  most  intelligent  group  of  invertebrated 
animals. 

Feigning  Death. 

It  is  a  matter  of  common  knowledge  and  wonder  that 
sundry  species  of  animals  belonging  to  different  orders  and 
even  classes,  manifest  the  instinct,  when  in  danger,  of  feign- 
ing death.  As  it  is  clearly  impossible  to  attribute  this  fact 
to  any  idea  of  death  and  of  its  conscious  simulation  on  the 
part  of  the  animals,  the  subject  becomes  one  of  importance 
for  us  to  consider.  I  shall  first  give  all  the  facts  that  I  have 
been  able  to  collect  with  regard  to  it,  and  then  proceed  to 
discuss  their  explanation. 

The  most  familiar  example  of  the  instinct  in  question  is 
furnished  by  sundry  species  of  insects  and  spiders,  many  of 
which  allow  themselves  to  be  slowly  dismembered,  or 
gradually  roasted  to  death,  without  betraying  the  slightest 
movement.  "Among  fish,  the  captured  sturgeon  remains 
quiet  and  passive  in  the  net,  while  the  perch  feigns  death 
and  floats  on  its  back."f  According  to  Wrangle,J  the  wild 
geese  of  Siberia,  if  alarmed  during  the  moulting  season  when 

*  See  Animal  Intelliffence,  p.  847. 
t  Couuh,  lUuttrationt  of  Inttinot,  p.  199,  »i  »eq. 
.    .    .  I  Travelt  in  Siberia,  p.  812,  Eng.  Transl. 
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they  are  unable  to  fly,  stretch  themselves  at  length  upon  the 
ground  with  their  heads  concealed,  so  as  to  feign  death  and 
deceive  the  sportsman.  According  to  Couch,  the  habit  is 
common  to  the  landrail,  the  skylark,  and  other  birds.* 
Among  mammals,  the  same  author  says,  "  The  opossum  of 
North  America  is  so  famous  for  feigning  death,  that  its  name 
has  become  proverbial  as  an  expression  cf  this  deceit;"*  and 
he  narrates  instances  of  the  same  fact  with  regard  to  mice, 
squirrels,  and  weasles.  The  testimony  on  the  subject  with 
regard  to  wolves  and  foxes  is  so  abundant  that  I  do  not  think 
there  can  be  any  reasonable  question  concerning  its  accuracy. 
Thus  Captain  Lyon,  in  the  account  of  his  Polar  Expedition, 
says  that  a  wolf  caught  in  a  trap  which  was  set  by  Mr.  Griffiths, 
was  apparently  killed  and  then  dragged  on  board.  "  The  eyes, 
however,  as  it  lay  on  deck,  were  observed  to  wink,  whenever 
any  object  was  placed  near  them;  some  precautions  were 
therefore  considered  necessary ;  and  the  legs  being  tied,  the 
animal  was  hoisted  up  with  his  head  downwards.  He  then, 
to  our  surprise,  made  a  vigorous  spring  at  those  near  him  ; 
and  afterwards  repeatedly  turned  himself  upwards,  so  as  to 
reach  the  rope  by  which  he  was  suspended,  endeavouring  to 
gnaw  it  asunder,"  &c. 

The  testimony  is  abundant  on  the  subject  of  foxes 
shamming  dead.  As  Mr.  Blyth  observes,!  "  a  fox  has  been 
known  to  personate  a  defimct  carcase,  when  surprised  in  a 
hen-house,  and  it  has  even  suffered  itself  to  be  carried  out 
by  the  brush  and  thrown  out  on  a  dungheap,  whereupon  it 
instantly  rose  and  took  to  its  heels,  to  the  astounding  dismay 
of  its  human  dupe.  In  like  manner  this  animal  has  submitted 
to  be  carried  for  more  than  a  mile,  swinging  over  the  shoulder 
with  its  head  hanging  downwards,  till  at  length  it  has  very 
speedily  effected  its  release  by  biting." 

Similarly  Couch,  who  gives  a  number  of  instances  of  the 
fact,  summarizes  them  thus : — "  When  suddenly  surprised  by 
man,  he  has  been  known  to  assume  the  appearance  of  being 
dead,  and  has  suffered  himself  to  be  handled,  and  even  ill- 
treated,  without  betraying  any  signs  of  sensibility.  This  high 
degree  of  simulation  and  dissimulation  has  been  ascribed  to 
consummate  wisdom,  which,  when  a  better  means  of  escape 
did  not  offer  itself,  prompted  him  to  the  stratagem  of  feigning 


•  Loc.  cit. 
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to be  incapable  of  defence  or  flight  until  he  had  disarmed 
suspicion,  and  so  escaped  hostility.* 

According  to  Jesse,  "  Snakes,  too,  will  pretend  to  be  dead , 
and  lie  motionless,  as  long  as  they  think  they  are  observed, 
and  in  danger,  but,  when  they  believe  that  all  foes  have  with- 
drawn, and  they  are  out  of  peril,  they  will  glide  away  with 
the  greatest  speed  into  the  nearest  hole  or  covert. 

"  Among  birds,  the  corncrake  has  been  most  remarked  for 
this  species  of  art.  The  author  of  '  The  Natural  History  of 
the  Corncrake '  relates  that  one  of  these  birds  was  brought  to 
a  gentleman  by  his  dog,  to  all  appearance  quite  dead.  The 
gentleman  turned  it  over  with  his  foot,  as  it  lay  upon  the 
ground,  and  was  convinced  there  was  no  more  life  in  it.  But 
after  a  while  he  saw  it  open  one  eye ;  and  he  then  took  it  up 
again,  when  its  head  fell,  its  legs  hung  loose,  and  it  once  more 
appeared  to  be  certainly  dead.  He  next  put  it  into  his 
pocket,  and  before  long  felt  it  struggling  to  escape ;  he  took  it 
out,  and  it  seemed  hfeless  as  before.  He  then  laid  it  on  the 
ground  and  retired  to  a  little  distance  to  watch  it,  and  saw  it 
in  about  five  minutes  raise  its  head  warily,  look  round,  and 
decamp  at  full  speed." 

Bingley  observes,  "  This  stratagem  is  also  said  to  be  prac- 
tised by  the  common  crab,  which,  when  it  apprehends  danger, 
will  lie  as  if  dead,  waiting  for  an  opportunity  to  sink  itself 
into  the  sand,  keeping  only  its  eyes  above  it." 

Hence,  it  appears  that  from  insects  upwards,  the  instinct 

*  Illustrations  of  Instinct,  p.  197.  Sir  E.  Tennent,  in  his  Natural  HiS' 
tory  of  Ceylon,  gives  the  case  of  a  wild  elephant  apparently  feigning  death  ; 
but  as  under  the  circumstances  mentioned  elephants  very  often  actually 
do  die  (see  Animal  Intelligence,  p.  396),  this  case  is  probably  not  to  be  attri* 
buted  to  intentional  deception  on  the  part  of  the  animal.  The  case  is  as 
follows : — "  Mr.  Cripps  has  related  to  me  an  instance  in  which  a  recently 
captured  elephant  was  either  rendered  senseless  from  fear,  or,  as  the  native 
attendants  MievieiA,  feigned  death  in  order  to  regain  its  freedom.  It  was  Ird 
from  the  corral  as  usual  between  two  tame  ones,  and  had  already  proceede<l 
far  towards  its  destination ;  when  night  closing  in,  and  the  torches  being 
lighted,  it  refused  to  go  on,  and  finally  sank  to  the  ground,  apparently  life- 
less. Mr.  Cripps  ordered  the  fastenings  to  be  removed  from  its  legs,  and 
when  attempts  to  raise  it  had  failed,  so  convinced  was  he  that  it  was  dead, 
that  he  ordered  the  ropes  to  be  taken  off  and  the  carcase  abandoned.  While 
this  was  being  done  he  and  a  gentleman  by  whom  he  was  accompanied  leaned 
against  the  body  to  rest.  They  had  scarcely  taken  their  departure  and  pro- 
ceeded a  few  yards,  when,  to  their  astonishment,  the  elephant  rose  with  the 
utmost  alacrity,  and  fled  towards  the  jungle,  screaming  at  the  top  of  its  voice, 
its  cries  being  audible  long  after  it  had  disappeared  in  the  shades  of  tlie 
forest." 

U 


306 


MENTAL  EVOLUTION  IN  ANIMALS. 


I'l 


II 


of  shamming  dead  occurs  in  most  if  not  all  the  classes  of 
the  animal  kingdom.  The  subject  therefore  demands  from 
us  serious  attention,  because  on  the  one  hand,  as  previously 
remarked,  it  is  obvious  that  the  idea  of  death  and  of  its 
conscious  simulation  would  involve  abstraction  of  a  higher 
order  than  we  could  readUy  ascribe  to  any  animal,  and  on  the 
other  hand  it  is  not  very  easy  otherwise  to  explain  the 
facts. 

I  shall  first  of  all  quote  what  Couch  says  upon  the  sub- 
ject, as  he  is  the  first  author,  so  far  as  I  am  aware,  who  did 
not  at  once  take  it  for  granted  that  animals  consciously  feign 
death,  and  who  also  supplied  a  reasonable  hypothesis  to 
account  for  the  facts.    He  says : — 

"  But  a  more  probable  explanation  is,  that  the  suddenness 
of  the  encounter,  at  a  time  when  the  creature  thought  of  no 
such  thing,  had  the  effect  of  stupefying  his  senses,  so  that  an 
effort  of  escape  was  out  of  his  power,  and  the  appearance  of 
death  was  not  the  fictitious  contrivance  of  cunning,  but  the 
consequence  of  terror.  And  that  this  explanation  is  the  true 
one  appears,  among  other  proofs,  from  the  conduct  of  a  bolder 
and  more  ferocious  animal,  the  Wolf,  under  similar  circum- 
stances. If  taken  in  a  pitfall  it  is  said  that  it  is  so  subdued 
by  surprise,  that  a  man  may  safely  descend  and  bind  and 
lead  it  away  or  knock  it  on  the  head ;  and  it  is  also  said  that 
when  it  has  wandered  into  a  country  to  which  it  is  a  stranger, 
it  loses  much  of  its  courage  and  may  be  assailed  almost  with 
impunity."* 

"  A  similar  action  to  that  of  the  Fox'  has  been  observed 
in  a  little  animal  to  which  it  is  not  common  to  ascribe  more 
than  an  ordinary  degree  of  cunning  or  confidence  in  its  own 
resources.  In  a  bookcase  of  wainscot,  impervious  to  light, 
certain  articles  were  kept  more  agreeable  to  the  taste  of 
mice  than  books,  and,  at  midday,  when  the  doors  were  suddenly 
opened,  a  mouse  was  seen  on  one  of  the  shelves ;  and  so 
rivetted  was  the  little  creature  to  the  spot  that  it  showed  all 
the  signs  of  death,  not  even  moving  a  limb  when  taken  into 
the  hand.  On  another  occasion,  on  opening  a  parlour-door,  in 
broad  daylight,  a  mouse  was  seen  fixed  and  motionless  in  the 
middle  of  the  room ;  and,  on  advancing  towards  it,  its  appear- 
ance in  no  way  differed  from  that  of  a  dead  animal,  excepting 
that  it  had  not  fallen  over  on  its  side.  Neither  of  these 
*  Mag.  Nat.  Mitt.,  New  Ser.,  vol.  ii,  p.  124. 
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creatures  made  an  effort  to  escape,  and  were  taken  up  at 
■leisure ;  nor  had  they  received  any  hurt  or  injury,  for  they 
soon  displayed  every  mark  of  being  alive  and  well. 

"  It  would  be  as  easy  to  catch  a  Weasel  asleep  as  off  its 
guard ;  but  it  seems  still  more  unlikely  that,  in  the  disguise 
of  death  it  should  suffer  itself  to  be  cuffed,  pawed,  and 
handled  with  impunity  by  a  cat :  yet  it  so  happened  that, 
while  Puss  was  reclining  at  ease,  seemingly  inattentive  to  all 
the  world  around  her,  a  Weasel  came  unexpectedly  up,  was 
seized  in  a  moment,  and  dangling  from  her  teeth  as  if  dead, 
was  thus  carried  to  the  house  at  no  great  distance.  The  door 
being  shut.  Puss,  deceived  by  its  apparent  lifelessness,  laid 
her  victim  on  the  step,  while  she  gave  her  usual  mewing  cry 
as  for  admittance.  But  by  this  time  the  active  little  creature 
had  recovered  its  recollection,  and  in  a  moment  struck  its 
teeth  into  its  enemy's  nose.  It  is  probable  that,  besides  the 
sudden  surprise  of  the  capture,  the  firm  grasp  which  the  cat 
had  of  it  round  the  body  had  prevented  any  earlier  effort  at 
resistance  from  the  Weasel ;  for  in  this  manner  our  smaller 
quadrupeds  which  bite  so  fiercely  may  be  lield  without 
injury  ;  but  the  Weasel  can  liardly  be  supposed  to  have  been 
practising  a  deception  all  the  while  it  was  in  the  Cat's 
mouth."* 

This  hypothesis  would  require  to  be  substantiated  by 
special  experiments  before  it  would  merit  unreserved  accept- 
ance. These  experiments  would  consist  in  allowing  an  animal, 
immediately  that  it  is  observed  shamming  dead,  to  regain  its 
liberty,  and  to  watch  it  without  the  animal  knowing  that  it  is 
being  observed.  If  it  were  then  to  continue  for  any  consider- 
able time  motionless,  the  fact  would  tend  to  prove  Couch's 
hypothesis,  whereas  if  it  were  quickly  to  recover,  the  inference 
would  lie  in  the  direction  of  supposing  the  passiveness  in  the 
presence  of  danger  due  to  conscious  purpose.  I  once  thought 
that  I  had  myself  the  opportunity  of  trying  this  experiment : 
for  having  caught  a  wild  squirrel  in  a  cloth  I  observed  that  the 
animal  immediately  became  motionless.  Turning  it  out  upon 
the  ground  and  concealing  myself  from  its  view,  I  waited  a 
long  time  for  it  to  recover ;  but  as  it  did  not  do  so  I  went  up  to 
examine  it,  and  found  it  was  not  shamming,  but  really  dead. 
This  incident  I  mention  here,  because  it  has  an  important 
bearing  on  Couch's  hypothesis ;  it  shows  that  the  terror  of  a 

*  lUuatraiioiu  of  Inttinct,  p.  125. 
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wild  animal  on  being  captured  may  be  sufficient  to  cause 
actual  death,  and  the  researches  of  Professor  Preyer  on  the 
hypnotism  of  animals  (conducted  long  after  Couch's  book  was 
published  and  having  no  special  reference  to  the  present 
question),  showed  that  fright  is  a  strong  predisposing  cause 
of  "  Kataplexy,"  or  mesmeric  sleep  in  animals. 

This  allusion  to  Professor  Preyer's  researches  leads  me 
next  to  remark  that  he  ascribes  the  shamming  dead  of  insects 
to  the  exclusive  influence  of  kataplexy.  Having  observed 
the  potency  of  this  influence  in  producing  analogous  condi- 
tions in  the  neuro-muscular  systems  of  higher  animals — even 
as  far  down  the  series  as  the  cray-fish,  Avhich  were  made  to 
stand  upon  their  heads  while  in  the  hypnotic  state — it  was 
perfectly  logical  in  him  to  attribute  the  shamming  dead  of 
insects  to  the  same  cause.  And  his  reasoning  might  have 
been  greatly  strengthened  had  he  been  aware  of  the  import- 
ant facts  which  had  been  observed  by  Mr.  Darwin,  and 
which  are  now  given  in  the  Appendix.  These  facts,  it  will 
be  noted,  are,  that  there  is  no  species  of  spider  or  insect  of 
which  it  can  be  said  that  the  attitude  assumed  when  sham- 
ming death  at  all  closely  resembles  the  one  which  the  animal 
I  assumes  when  really  dead  ;  that  in  many  cases  this  attitude 
is  very  dissimilar  ;  and  therefore  that  all  "  shamming  dead  " 
amounts  to  in  these  animals  is  an  instinct  to  remain  motion- 
less, and  thus  inconspicuous,  in  the  presence  of  enemies. 
And  it  is  easy  to  see  that  this  instinct  may  have  been  de- 
veloped by  natural  selection  without  ever  having  been  of  an 
intelligent  nature — those  individuals  which  were  least  in- 
clined to  run  away  from  enemies  being  preserved  rather 
than  those  which  rendered  themselves  conspicuous  by  move- 
ment. 

That  is  to  say,  it  is  easy  to  see  how  the  instinct  may  have 
become  developed  by  primary  means  ;  for  if  it  were  of  more 
advantage  to  an  animal  wlien  in  danger  to  become  motionless, 
and  therefore  inconspicuous  or  unattractive  to  enemies,  than 
it  would  be  to  seek  safety  in  flight,  of  course  it  is  obvious 
that  in  such  cases  natural  selection  would  always  have 
operated  in  the  direction  of  producing  quiescence,  no  less 
than  in  other  cases  it  would  have  operated  in  the  direction  of 
producing  activity.  Now,  I  think  it  is  not  at  all  improbable 
that  "  kataplexy "  may  have  been  of  much  assistance  in 
originating,  and  possibly  also  in  developing,  this  instinct. 
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For  if  this  peculiar  physiological  condition  is  apt  to  occur 
among  insects  and  spiders — as  it  certainly  occurs  in  an 
animal  belonging  to  the  same  class,  the  cray-fish — there 
would  be  sup])lied  to  natural  selection  the  material,  as  it 
were,  out  of  which  to  form  this  instinct.  And  if  such  were 
the  origin  of  the  instinct,  we  may  presume  that  its  develo]3- 
ment  to  its  present  state  of  perfection  would  most  likely  be 
continued  along  the  same  lines — natural  selection  always 
improving  the  kataplectic  susceptibility,  so  as  to  make  the 
state  occur  with  great  suddenness  under  the  influence  of  a 
certain  class  of  stimuli,  and  to  prevent  it  from  lasting  for  an 
unnecessaiy  time  after  such  stimuli  had  ceased  to  operate. 
Thus  we  might  arrive  at  the  existing  state  of  things,  in  such 
an  animal  as  a  wood-louse  or  death-watch,  which  fall  into  a 
kataplectic  state  immediately  on  being  alarmed  (when,  on  the 
present  hypothesis,  they  are  quite  insensitive  to  pain),  but 
quickly  recover  as  soon  as  the  source  of  alarming  stimula- 
tion is  removed.* 

We  have  here,  then,  a  rather  interesting  speculation  of  a 
not  improbable  kind  as  to  the  strange,  and,  so  to  speak,  far-off 
peculiarities  of  organization  on  which  natural  selection  may 
sei!?e  for  the  developing  of  a  beneficial  instinct.  But  I  desire 
it  to  be  particularly  noted  that  I  only  adduce  this  specula- 
tion, as  it  were,  parenthetically.  I  think  with  Preyer  that 
the  shamming  ^ead  of  insects  is  a  phenomenon  in  which  the 
principles  of  hypnotism  are  probably  concerned.  But  if  so, 
I  regard  these  principles  only  as  furnishing  the  materials  out 
of  which  natural  selection  has  constructed  this  particular 
instinct.  Therefore,  whether  or  not  these  principles  are  really 
concerned  in  the  phenomenon,  is  only  a  side  question ;  the  im- 
l)ortant  consideration  for  us  is,  that  the  instinct,  whether  or 
not  developed  from  materials  supplied  by  kataploxy,  must 
certainly  have  been  developed  by  natural  selection.  Mr. 
Darwin's  observations  place  this  conclusion  beyond  the  reach 


•  An  objection  to  this  view  may  here  be  disposed  of :  Duncan,  "  On 
Instinct,"  after  observing  that  spiders  while  shamming  dead,  "  will  suffer 
themselves  to  be  pierced  with  pins  and  torn  to  pieces  without  discovering  the 
smallest  signs  of  terror,"  adds  that  if  the  cause  were,  as  often  supposed,  "  a 
kind  of  stupor  occasioned  by  ttirror,"  the  animal  ought  not  so  soon  to  recover 
when  the  ODject  of  terror  is  removed.  But  as  a  matter  of  fact  the  "  stupor  " 
does  not  pass  off  immediately  upon  the  cessation  of  the  stimulus  ;  it  lasts  as 
long  as  the  kataplectic  state  does  in  certain  birds,  such  as  the  owl  when  held 
on  its  back. 
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of  doubt,  and  even  if  the  phenomena  of  kataplexy  were  not 
available  for  natural  selection  to  seize  upon  for  the  purpose 
in  question,  there  can  be  no  doubt  that  other  materials 
might  have  been  so ;  for,  a  priori,  there  seems  to  be  at  least 
not  more  difficulty  in  developing  an  instinct  to  remain 
motionless  under  certain  circumstances,  than  in  developing 
one  to  run  away ;  and  as  a  matter  of  fact,  all  animals  which 
are  protectively  coloured  have,  either  as  cause  or  consequence, 
developed  their  instincts  in  the  former  direction.  Theref <  '^t 
we  must  suppose  that  an  animal  which  was  not  sufficient. y 
locomotive  to  find  safety  in  flight,  would  be  most  closely 
attended  to  by  natural  selection  in  the  direction  of  encourag- 
ing quiescence — and  this  whether  or  not  natural  selection 
were  provided  with  kataplectic  susceptibilities  on  v/hich  to 
operate ;  kataplexy  alone  could  not  form  the  instipci;. 

So  far,  then,  the  subject  is  sufficiently  clear.  But  now, 
we  have  obviously  some  important  distinctions  to  draw.  For 
the  shamming  dead  of  a  highly  intelligent  animal  like  a  fox 
is  a  widely  different  matter,  psychologically  considered,  from 
the  shamming  dead  of  insects ;  so  that  an  explanation  which 
might  be  held  fully  adequate  to  account  for  the  latter  might 
not  be  so  to  account  for  the  former.  Thus  while  I  have  no 
hesitation  in  regarding  the  fact  in  insects  as  due  to  a  non- 
intelligent  instinct  developed  by  natural  selection  in  the  way 
just  explained,  I  cannot  see  how  this  could  well  be  the  case 
in  vertebrated  animals.  A  fox  would  never  have  so  good  a 
chance  of  escape  from  an  enemy  by  remaining  mi  ionless  as 
it  would  by  the  use  of  its  legs,  which  it  requires  a  fox-hound 
to  overtake.  Moreover  the  shamming  dead  is  here  far  from 
invariable,  and  so  is  not,  as  in  the  case  of  insects,  instinctive. 
Therefore,  although  I  did  not  fully  agree  with  Preyer  in 
assigning  the  universal  (instinctive)  quiescence  of  certain 
insects  when  alarmed  to  the  unassipted  influence  of  kata- 
plexy, I  think  that  the  occasional  (accidental)  display  of 
(quiescence  by  wild  vertebrated  animals  under  similar  circum- 
stances tends  much  more  unequivocally  in  favour  of  his  view. 
For  here  the  action  is  not  universal,  or  even  usual ;  and  when 
it  does  take  place  it  must,  as  a  rule,  be  rather  detrimental  lo 
the  animal  than  otherwise — seeing  that  the  whole  economy  of 
the  animal  is  here  adapted  to  rapid  movement.  TI).i;'>fore  1 
think  that  in  the  case  of  Birds  and  Mammals  the  hypothesis 
of  Couch  already  quoted  is  the  most  reasonable — especially 
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if  we  supplement  it  with  our  knowledge  concerning  the 
recently  discovered  facts  of  kataplexy.* 

On  the  other  hand,  not  to  shirk  a  difficulty,  I  have  some  re- 
markable evidence  which  tends  to  show  that  certain  monkeys 
sham  dead  with  the  deliberate  purpose,  not  of  escaping  from 
enemies,  but  of  deceiving  intended  victims.  Here,  of  course 
there  can  be  no  terror  and  no  kataplexy,  so  that  if  we  accept 
the  evidence  of  the  fact  we  must  seek  for  some  other  expla- 
nation. 

Thompson  gives  in  his  "  Passions  of  Animals  "  (pp.  455- 
7),  the  case  of  a  captive  monkey  which  was  tied  to  a  long 
upright  pole  of  bamboo  in  the  jungles  of  Tillicherry.  The 
ring  at  the  end  of  its  chain  fitting  loosely  to  the  slippery 
pole,  the  animal  was  able  to  ascend  and  descend  the  latter  at 
pleasure.  He  was  in  the  h  bit  of  sitting  on  the  top  of  the 
pole,  and  the  crows  taking  advantage  of  his  elevated  position, 
used  to  steal  his  food  which  was  placed  every  morning  and 
evening  at  the  foot  of  the  pole.  "  To  this  he  had  vainly 
expressed  his  dislike  bv  chattering,  and  other  indications  of 
his  displeasure  equally  ineffectual ;  but  they  continued  their 
periodical  depredations.  Finding  that  he  was  perfectly  un- 
heeded, he  adopted  a  plan  of  retribution  as  effectual  as  it  was 
ingenious.  One  morning  when  his  tormenters  had  been  par- 
ticularly troublesome,  he  appeared  as  if  seriously  indisposed ; 
he  closed  his  eyes,  dropped  his  head  and  exhibited  various 
other  symptoms  of  severe  suffering.  No  sooner  were  his 
ordinary  rations  placed  at  the  foot  of  the  bamboo,  than  the 
crows  watching  their  opportunity,  descended  in  great  num- 
bers, and  according  to  their  usual  custom,  began  to  demolish 
Ills  provisions.  The  monkey  began  now  to  descend  the  pole 
by  slow  degrees  as  if  the  effort  were  painful  to  liim,  and  as  if 
so  overcome  by  indisposition  that  his  remaining  strength  was 
scarcely  equal  to  such  an  exertion.  When  he  reached  the 
ground  he  rolled  about  for  some  time,  seeming  in  great  agony, 
until  he  found  himself  close  to  the  vessel  employed  to  con- 
tain his  food  which  the  crows  had  by  this  time  well  nigh 
devoured.  There  was  still,  however,  some  remaining,  which 
a  solitary  bird,  emboldened  by  the  apparent  indisposition  of 
the  monkey,  advanced  to  seize.  The  wily  creature  was  at 
this  time  lying  in  a  state  of  app^^ent  insensibility  at  the 

*  The  winking  of  the  wolfs  eye,  mentioned  by  Captain  Lyon,  would  bo 
quite  compatible  with  a  certain  phase  of  the  hypnotic  state. 
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foot  of  the  pole  and  close  by  the  pan.  The  moment  the  crow 
stretched  out  his  head,  and  ere  it  could  secure  a  mouthful  of 
the  interdicted  food,  the  watchful  avenger  seized  the  depre- 
dator by  the  neck  with  the  rapidity  of  thought  and  secured  it 
from  doing  further  mischief.  He  now  began  to  chatter  and 
grin  with  ^  /o.ry  expression  of  gratified  triumph,  while  the 
crows  flew  •.  cawing,  as  if  deprecating  the  chastisement 

about  to  be  .  icted  on  their  captive  companion.  The 
monkey  continued  for  a  while  to  chatter  and  grin  in  triumph ; 
he  then  deliberately  placed  the  crow  between  his  knees  and 
began  to  pluck  it  with  the  most  humorous  gravity.  When 
he  had  completely  stripped  it,  except  of  the  large  feathers  in 
the  pinions  and  tail,  he  flung  it  into  the  air  as  high  as  his 
strength  would  permit,  and  after  flapping  its  wings  for  a  few 
seconds,  it  fell  to  the  ground  with  a  stunning  shock.  The 
other  crows,  which  had  been  fortunate  enough  to  escape  a 
similar  castigation,  now  surrounded  it  and  immediately  pecked 
it  to  death.  The  animal  then  ascended  its  pole,  and  the  next 
time  his  food  was  brought,  not  a  single  crow  approached  it." 

I  have  quoted  this  case  although  it  sounds  well  nigh  in- 
credible, not  merely  because  Thompson  is  a  good  authority, 
but  because  in  all  its  essential  details  it  has  been  uncon- 
sciously corroborated  by  the  observations  of  a  friend  of  my 
own,  viz.,  the  late  Dr.  W.  Bryden,  C.B.  This  gentleman, 
without  being  cognizant  of  the  above  anecdote,  told  me  that 
he  had  himself  repeatedly  witnessed  a  tame  monkey  (I  forget 
the  species)  in  India  lying  on  its  back  perfectly  motionless 
for  long  periods  of  time,  till  the  crows  in  the  neighbourhood, 
supposing  him  to  be  dead,  approached  within  grasping  dis- 
tance, when  he  used  to  make  a  sudden  spring  at  one  of  them, 
and  proceed  slowly  to  pluck  it  alive,  apparently  for  the  mere 
love  of  gratifying  his  passion  of  cruelty — although,  however, 
he  used  to  suck  the  juicy  ends  of  the  larger  feathers.  As  I  can 
quite  rely  on  Dr.  Bryden's  veracity  and  cannot  imagine  how 
in  such  a  case  there  can  have  been  any  room  for  malobserva- 
tion,  I  am  inclined  to  lend  a  credence  to  the  above  anecdote 
which  I  should  otherwise  have  regarded  with  distrust. 

Now  if,  as  I  can  scarcely  doubt  from  Dr.  Bryden's  account, 
some  monkeys  display  the  remarkable  trick  of  really  and  of 
set  purpose  shamming  death,  the  only  possible  explanation  of 
the  fact  is  that,  having  observed  crows  to  congregate  round 
motionless  carcasses,  they  infer  that  by  remaining  motion- 
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less  they  may  induce  these  animals  to  come  within  grasping 
distance.  No  doubt  this  displays  an  astonishing  amount  of_ 
deliberative  inference  ;  but  it  is  to  be  observed  that  the  fact,  j 
if  it  is  a  fact,  does  not  imply  any  abstract  idea  of  death ;  it 
implies  only  the  idea  of  imitating  a  previously  observed 
quiescence  with  the  purpose  of  bringing  about  the  same 
result — approach  of  birds — which  that  quiescence  had  pre- 
viously been  observed  to  produce.  Seeing  that  monkeys  are 
highly  imitative  as  well  as  highly  observant  animals,  this 
interpretation  is  not  so  antecedently  incredible  as  at  first 
sight  it  no  doubt  appears. 

But  now  it  follows  that  if  monkeys  are  able  consciously 
and  with  deliberate  intent  to  remain  motionless  for  the  purpose 
of  gaining  a  particular  object,  othei  and  almost  as  intelligent 
animals  may  do  the  same.  Thus,  notwithstanding  the  proba- 
bility previously  pointed  out  that  the  shamming  dead  of 
wolves  and  foxes  may  be  due  to  kataplexy,  there  here  arises 
a  possibility  of  its  being  due  to  intelligent  purpose.  As 
bearing  on  this  possibility,  I  will  quote  two  cases  which 
appear  to  have  been  sufficiently  well  observed. 

The  first  is  one  which  has  been  recently  published  by 
Brigade  Surgeon  G.  Bidie  in  "  Nature "  (vol.  xviii,  p.  244). 
He  says : — 

"Some  years  ago,  while  living  in  Western  Mysore,  I 
occupied  a  house  surrounded  by  several  acres  of  fine  pasture 
land.  The  superior  grass  in  this  preserve  was  a  great  tempta- 
tion to  the  village  cattle,  and  whenever  the  gates  were  open 
trespass  was  common.  My  servants  did  their  best  to  drive 
off  intruders,  but  one  day  they  came  to  me  rather  troubled, 
stating  that  a  Brahmin-bull  which  they  had  beaten  had 
fallen  down  dead.  It  may  be  remarked  that  these  bulls  are 
sacred  and  privileged  animals — being  allowed  to  roam  at 
large  and  eat  whatever  they  may  fancy  in  the  open  shops  of 
the  bazaar-men.  On  hearing  that  the  trespasser  was  dead,  I 
immediately  went  to  view  the  body,  and  there  sure  enough  it 
was  lying  exactly  as  if  life  were  extinct.  Being  rather  vexed 
about  the  occurrence  in  case  of  getting  into  trouble  with  the 
natives,  I  did  not  stay  to  make  any  minute  examination,  but 
at  once  returned  to  the  house  with  the  view  of  reporting  the 
affair  to  the  district  authorities.  I  had  only  just  gone  for  a 
short  time  when  a  man,  with  joy  in  his  face,  came  running 
to  tell  me  that  the  bull  was  on  his  legs  again  and  quietly 
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grazing.  Suffice  it  to  say  that  the  brute  had  acquired  the 
trick  of  feigning  death  which  practically  rendered  its  expul- 
sion impossible,  when  it  found  itself  in  a  desirable  situation 
which  it  did  not  wish  to  quit.  The  ruse  was  practised  fre- 
(juently  with  the  object  of  enjoying  my  excellent  grass,  and 
although  for  a  time  amusing,  it  at  length  became  troublesome, 
and  resolving  to  get  rid  of  it  the  sooner,  I  one  day,  when  he 
had  fallen  down,  sent  to  the  kitchen  for  a  supply  of  hot 
cinders,  which  wo  placed  on  his  rump.  At  first  he  did  not 
seem  to  mind  this  much,  but  as  the  application  waxed  hot, 
he  gradually  raised  his  head,  took  a  steady  look  at  the  site 
of  the  cinders,  and  finally  getting  on  his  legs  went  off  at  a 
racing  pace  and  cleared  the  fence  like  a  deer.  This  was  the 
last  occasion  on  which  we  were  favoured  with  a  visit  from 
our  friend." 

Now  here  we  have  a  case  of  apparent  simulation  of  death 
frequently  repeated  with  an  intelligent  purpose,  and  as  the 
narrator  is  a  medical  man,  we  must  suppose  that  the  simula- 
tion was  well  done.  Nevertheless,  the  idea  which  the 
animal  had  may  only  have  been  that  of  remaining  inert,  and 
trusting  to  his  weight  in  preventing  his  removal.  The  case, 
however,  is  unquestionably  a  remarkable  one,  and  the  inter- 
pretation which  I  have  suggested  becomes  perhaps  less  pro- 
bable in  view  of  the  other  case  to  which  I  have  alluded,  and 
which  I  shall  now  proceed  to  give.  This  case  is  published  in 
the  late  Mr.  Moi-gan's  book  on  the  Beaver  (p.  269),  and  he 
says  it "  was  communicated  to  the  author  by  Mr.  Coral  C. 
White  of  Aurora,  New  York,  who  carried  out  the  fox.  His 
veracity  is  unimpeachable." 

"  A  fox  one  night  entered  the  hen-house  of  a  farmer,  and 
after  destroying  a  large  number  of  fowls,  gorged  himself  to 
such  repletion  that  he  could  not  pass  out  through  the  small 
aperture  by  which  he  had  entered.  The  proprietor  found 
liim  in  the  morning  sprawled  out  upon  the  floor,  apparently 
dead  from  surfeit ;  and  taking  him  up  by  the  legs  carried  him 
out  unsuspectingly,  and  for  some  distance  to  the  side  of  his 
house,  where  he  dropped  him  upon  the  grass.  No  sooner  did 
Reynard  find  himself  free  than  he  sprang  to  his  feet  and 
made  his  escape.  He  seemed  to  know  that  it  was  only  as  a 
dead  fox  that  he  would  be  allowed  to  leave  the  scene  of  his 
spoliations ;  and  yet  to  devise  this  plan  of  escape  required 
no  ordinary  effort  of  intelligence,"  &c. 


FEIGNING  DEATH. 


315 


If  the  facts  are  here  correctly  recorded  (and  in  all  the 
points  upon  which  I  am  about  to  dwell  they  agree  closely 
with  some  of  the  cases  given  by  Couch),  one  would  scarcely 
suppose  that  the  mere  approach  of  a  man  in  opening  the 
door  of  the  hen-house  could  have  caused  either  the  kind  or 
degree  of  alarm  which  is  known  to  produce  kata^lexy ;  while 
it  IS  somewhat  doubtful  whether  the  stimulus  occasioned  by 
dropping  the  fox  upon  the  grass  would  have  been  sufficient 
suddenly  to  dispel  the  kataplectic  state.  Therefore,  in  such  a 
case  as  this  it  seems  to  me  that  the  probabihty  rather  inclines 
to  the  shamming  dead  having  been  due  to  an  inteUigent  pur- 
pose, even  although  we  may  not  suppose  the  animal  to  have 
had  any  idea  either  of  death  as  such,  or  of  its  conscious 
simulation.  Thus  the  case  with  respect  to  the  higher  animals 
— if  we  have  due  regard  to  all  the  evidence  which  has  now 
been  presented — seems  to  me  one  of  no  small  difficulty.  The 
truth  simply  is  that  there  is  a  lack  of  sufficient  observation, 
by  experimental  means,  to  determine  whether  wolves,  and 
more  especially  foxes,  simulate  death — i.e.,  remain  motion- 
less in  certain  circumstances  of  danger  with  the  conscious 
purpose  of  furthering  their  escape;  or,  perhaps  almost  as 
probably,  whether  the  motionless  condition  of  these  animals 
under  such  circumstances  is  due  to  the  occurrence  of  the 
hypnotic  state.  With  regard  to  these  animals,  therefore,  as 
with  regard  to  the  Brahmin-bull,  I  have  thought  it  best  not 
to  express  a  definite  opinion  either  way ;  but  rather  to  pre- 
sent all  the  evidence  on  both  sides  with  the  view  of  stimu- 
lating experimental  enquiry  of  the  kind  that  I  have  sug- 
gested by  any  one  who  may  have  the  opportunity  of  con- 
ducting it.*  Such  an  enquiry  having  been  conducted  by 
Mr.  Darwin  in  the  case  of  insects  and  spiders  has  closed  the 
question  as  far  as  they  are  concerned,  by  leaving  no  room  to 
suppose  that  their  behaviour  is  due  to  conscious  purpose. 
The  evidence  with  regard  to  the  higher  Mammalia,  on  the 
other  hand,  points  to  a  different  conclusion,  for  the  full 
establishment  of  which  further  and  corroborative  evidence  is 
doubtless  necessary. 

Be  it  observed,  however,  that  in  these  cases  the  difficulty 

*  If  Mr.  0.  C.  White,  after  haTine  read  the  above  and  so  having  under- 
stood the  nature  of  the  question,  had  laid  down  his  fox  upon  the  grass  with 
extreme  gentleness,  and  immediately  concealed  himself,  he  might  greatly  have 
furthered  the  solution  of  the  question. 
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lias  no  reference  to  any  question  of  instinct — for,  unlike  the 
case  of  insects,  the  hahit  is  much  too  exceptional  to  be 
regarded  as  instinctive — but  to  determining  whether  the 
facts  are  due  to  intelligent  purpose  or  to  some  purely  physio- 
logical effects  of  fear.  In  the  more  remarkable  of  the  above- 
quoted  cases,  no  doubt,  the  latter  hypothesis  is  not  available; 
but  it  may  be  so  in  some  of  the  others,  and  even  where  this 
hypothesis  is  not  available,  it  becomes  most  desirable  to 
understand  the  class  of  ideas  which  induce  the  animal  to 
behave  in  a  manner  so  closely  simulating  death.  Here,  how- 
ever, I  am  only  concerned  with  showing  that  the  difl&culty  of 
arriving  at  such  an  understanding  has  nothing  to  do  with  the 
present  theory  as  to  the  formation  of  instinct. 


Feigning  Injury. 

In  the  "  Contemporary  Keview  "  (July  1875)  the  Duke 
of  Argyll,  in  an  article  on  "  Animal  Instinct,"  argues  that  the 
female  duck  could  hardly  have  consciously  learnt  to  imitate 
the  movements  of  a  wounded  bird ;  and  that  the  young  merg- 
ansers, which  squat  on  the  mud  when  alarmed  and  are  thus 
made  inconspicuous  while  the  old  ones  fly  away,  are  in  the 
same  case.  Mr.  Darwin,  in  some  MS  notes  on  this  article, 
observes  that  he  agrees  with  the  Duke  in  not  ascribing  the 
deceptive  movements  of  the  female  duck,  &c.,  to  conscious 
imitation  of  wounded  birds ;  but  thinks  that  a  female  bird 
which,  from  solicitude  for  her  nestlings,  would  endeavour  to 
fight  a  threatening  quadruped  as  a  hen  does  a  dog,  might, 
by  alternately  attacking  and  retreating,  inadvertently  draw 
the  enemy  away  from  the  nest.  Natural  selection,  acting  on 
this  primitive  habit,  might  then  develop  the  running  away 
from  the  nest  as  an  instinct ;  and  if,  as  is  probable,  carni- 
vorous quadrupeds  would  be  more  likely  to  follow  birds 
apparently  unable  to  fly  than  birds  apparently  well,  the 
action  of  drooping  the  wing,  &c.,  might  have  been  slowly 
developed. 

The  instinct  of  squatting  shown  by  young  birds,  which 
are  thus  rendered  inconspicuous,  was  no  doubt  acquired  in 
the  same  way  and  for  the  same  reason  as  the  instinct  of 
shamming  dead  in  insects.  The  instinct,  however,  in  the 
case  of  young  birds  may  have  originally  been  acquired  by 
older  animals   (due  in  the  first  instance  to  bei?;;  partly 
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paralyzed  by  fright),  and  then,  in  accordance  with  the  general 
principles  of  heredity,  being  inherited  at  an  earlier  age  by  the 
progeny. 

It  will  thus  be  seen  that  Mr.  Darwin  was  disposed  to 
attribute  the  instinct,  both  of  the  mother  and  young,  to  an 
exclusively  primary  origin ;  but  I  confess  that  the  case  does 
appear  to  my  mind  one  of  difficulty,  and  I  am  rather  inclined 
to  think  that  the  instinct  of  the  mother  in  the  case  of  the 
duck,  peeweet,  partridge,  and  all  birds  which  present  it, 
must  have  originally  been  assisted  by  intelligence.  It 
must  be  admitted,  from  what  we  know  of  hens,  that  the 
maternal  feelings  may  be  so  strong  as  to  lead  to  a  readi- 
ness to  incur  danger  or  death  rather  than  that  the  brood 
should  do  so.  Therefore,  when  in  the  presence  of  a  four- 
footed  enemy  the  mother  bird  begins  alternately  attack- 
ing and  retreating  in  the  manner  alluded  to  by  Mr.  Darwin, 
if  she  were  intelligent  enough  to  observe  that  on  retreating 
without  taking  wing  slie  was  followed  up,  there  can  be  no 
doubt  that  she  might  with  intentional  purpose  thus  lure 
away  the  enemy  from  her  young.  If  so,  those  parents  which 
had  sense  enough  to  adopt  this  device  would  no  doubt  be 
able  to  rear  a  greater  number  of  broods  than  could  the  less 
observant  parents ;  and  the  young  broods  of  such  intelligent 
parents  would  inherit  a  tendency  to  adopt  this  device  when 
they  themselves  became  mothers.  Thus  the  originally  intel- 
ligent device  would  slowly  become  organized  into  an  instinct, 
and  so  be  now  performed  with  mechanical  promptitude  by 
every  individual  partridge,  plover,  and  duck.  The  greatest 
difl&culty  is  to  account  for  the  drooping  of  the  wing,  and  this, 
I  think,  can  only  be  done  by  regarding  it,  with  Mr.  Darwin, 
as  of  an  unblended  primary  origin.  The  case,  however,  is 
unquestionably  very  remarkable. 

Such  are  the  only  instincts  which  have  occurred  to  me  as 
likely  to  present  any  special  difficulty  to  the  foregoing  theory 
of  the  origin  and  development  of  instincts  in  general.  Mr. 
Darwin  in  his  chapter  on  Instinct  in  the  "  Origin  of  Species," 
has  fully  discussed  several  other  instincts  in  this  connection 
(viz.,  the  parasitic  instinct  of  the  cuckoo,  the  cell-making 
instinct  of  bees,  and  the  slave-making  instinct  of  ants) ;  but 
IS  these  do  not  present  any  real  difficulty,  I  shall  not  wait 
to  go  over  the  ground  already  so  thoroughly  traversed  by 
him. 
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Eeason. 


I  SHALL  begin  this  chapter  by  quoting  from  "  Animal  Intel- 
ligence "  my  definition  of  the  word  "  Eeason,"  in  order  that 
iy  use  of  the  word  may  be  clearly  understood. 

"  Eeason  is  the  faculty  which  is  concerned  in  the  inten- 
tional adaptation  of  means  to  ends.  It  therefore  implies  the 
conscious  knowledge  of  the  relation  between  means  employed 
and  ends  attained,  and  may  be  exercised  in  adapt(4on  to 
circimistances  novel  alike  to  the  experience  of  the  individual 
jid  to  that  of  the  species."  In  other  words,  "  it  implies  the 
power  of  perceiving  analogies  or  ratios,  and  is  in  this  sense 
equivalent  to  the  term  'ratiocination,'  or  the  faculty  of 
deducing  inferences  from  a  perceived  equivalency  of  relations. 
This  latter  is  the  only  use  of  the  word  that  is  strictly  legiti- 
mate, and  it  is  thus  that  I  shall  use  it  throughout  the  present 
treatise.  This  faculty,  however,  of  balancing  relations,  draw- 
ing inferences,  and  so  of  forecasting  probabilities,  admits  of 
numberless  degrees." 

The  object  of  the  present  chapter  will  be  that  of  tracing 
the  probable  genesis  of  this  faculty,  and,  in  order  to  give 
clearness  to  the  discussion,  I  desire  it  to  be  remembered  that 
I  reserve  the  terms  Eeason  and  Eatiocination  to  designate 
the  faculty  above  defined.  I  shall  use  the  term  Inference  to 
designate  the  less  highly  developed  mental  antecedents  out 
of  which,  as  I  shall  show,  I  conceive  Eeason  to  have  been 
evolved.  No  doubt  every  act  of  reason  is  also  an  act  of  in- 
ference, but  we  shall  find  that  it  is  absolutely  necessary  to 
have  some  word  to  signify  indifferently  the  lowest  and  the 
highest  stages  of  that  whole  class  of  mental  processes  which 
cmminates  in  symbolic  calculation.    The  word  Inference  is 
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the  best  that  I  can  find,  and  therefore  it  will  be  understood 
that  in  my  usage,  while  all  acts  of  reason  are  likewise  acts  of 
inference,  all  acts  of  inference  need  not  be  acts  of  reason. 

Thus  much  as  to  terminology  being  premised,  I  may  pass 
to  the  subject  of  the  present  chapter.  I  have  already,  in 
earlier  chapters,  endeavoured  to  sho^  how  it  is  probable  that 
consciousness  arises  out  of  reflex  a^aon  (or  that  the  mind- 
element  becomes  attached  to  nervous  processes  of  adjustment), 
when  the  latter  arrives  at  such  a  degree  of  complexity,  or  has 
reference  to  external  circumstances  having  such  a  degree  of 
inconstancy,  that  the  nerve-centre  becomes  a  seat  of  com- 
parative turmoil  among  molecular  forces.  Whenever  this 
stage  is  reached,  and  a  nerve-centre  begins  to  become  con- 
scious of  its  own  working,  we  pass,  according  to  my  classifi- 
cation, from  the  domain  of  reflex  action  into  that  of  instinct 
— instinct  being,  in  my  terminology^  reflex  action  into  which 
thereis  imported  the  element  of  consciousnes3._  j^ut  now,"ar 
during  the  course  of  evolution  thelowef  forms  of  life  are 
required  progressively  to  adjust  their  actions  to  circum- 
stances of  growing  complexity  and  inconstancy,  or  to  occasions 
of  growing  infrequency,  it  follows  that  the  organized  instincts 
with  which  they  are  endowed  must  at  some  point  begin  to 
become  inadequate;  a  greater  flexibility  in  the  power  of 
adjustive  response  is  needed,  and  if  any  such  flexibility  is 
possible  under  the  conditions  of  ganglionic  action,  those 
individuals  which  best  attain  to  it  will  survive,  and  so  the 
improvement  will  become  general  to  the  species.  Now  we 
know  that  such  an  increase  of  flexibility  is  j /ssible  under 
the  conditions  of  ganglionic  action,  and  this  increase  of 
flexibility  on  its  subjective  side  we  know  as  the  faculty  of 
reason.  It  is  here  needful  to  consider  in  what  this  faculty 
consists. 

While  treating  of  the  genesis  of  Perception  I  pointed  out 
that  the  faculty  admits  of  numberless  degrees  of  elaboration. 
These  we  found  to  depend  largely,  or  even  chiefly,  upon  the 
degree  of  complexity  presented  by  the  objects  or  relations 
perceived.  Now  when  a  perception  reaches  a  certain  degree 
of  elaboration,  so  that  it  is  able  to  take  cognizance  of  the 
relation  between  relations,  it  begins  to  pass  into  reason,  or 
ratiocination.  Contrariwise,  in  its  highest  stages  of  develop- 
ment, ratiocination  is  merely  a  highly  complex  process  of 
perception — i.e.,  a  perception  of  the  equivalency  of  perceived 
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ratios,  which  are  themselves  more  or  less  elaborated  percepts 
formed  out  of  simpler  percepts,  or  percepts  lying  nearer  to  the 
immediate  data  of  sensation.  Thus,  universally  ratiocination 
may  be  considered  as  the  higher  development  of  perception ; 
for  at  no  point  can  we  draw  the  line  and  say  that  the  two  are 
distinct.  In  other  words,  a  perception  is  always  in  its  essen- 
tial nature  what  logicians  term  a  conclusion,  whether  it  has 
reference  to  the  simplest  memory  of  a  past  sensation  or  to  the 
highest  product  of  abstract  thought.  For  when  the  highest 
product  of  abstract  thought  is  analyzed,  the  ultimate  elements 
must  always  be  found  to  consist  in  material  given  directly  by 
the  senses ;  and  every  stage  in  the  symbolic  construction  r 
ideas  in  which  the  process  of  abstraction  consists,  depen 
upon  acts  of  perception  taking  place  in  the  lower  stages. 
True  it  is  that  these  acts  of  perception  here  have  reference  to 
the  symbols  of  ideas,  which  may  themselves  be  far  removed 
from  the  simple  and  immediate  memories  of  past  sensations ; 
but  as  we  can  nowhere  draw  the  line  between  perception  of 
the  one  order  and  perception  of  the  other,  we  ought  to  recog- 
nize that  in  the  case  of  this  faculty  there  is  nowhere  any 
tlifference  in  kind,  although  everywhere  a  difference  in  degree : 
or,  otherwise  stated,  intellectual  processes  which  culminate  in 
symbolic  reasoning  are  everywhere  processes  of  cognition, 
and  of  these  processes  the  term  perception  is  a  generic  name. 

But  having  thus  shown  that  in  my  opinion  there  is  no 
real  break  between  cognition  of  the  lowest  and  of  the  highest 
order,  I  must  next  show  at  what  places  I  think  it  is  conve- 
nient, for  the  sake  of  historical  description,  to  mark  off  what 
I  may  term  conventional  stages  in  the  development  of  cog- 
nition. This  I  have  already  done  for  the  lower  stages  of  such 
development  in  my  chapter  on  Perception,  where  it  was 
shown  that  the  first  stage  consists  in  merely  perceiving  an 
external  object  as  an  external  object,  the  next  sta^e  in  recog- 
nizing the  simplest  qualities  of  an  object,  the  third  stage  in 
mentally  grouping  objects  with  reference  to  their  perceived 
qualities  or  relations,  and  the  fourth  stage  in  inferring  un- 
perceived  qualities  or  relations  from  perceived  ones — as  when 
on  hearing  a  growl  I  immediately  infer  the  presence  of  a 
dangerous  dog. 

Now  from  this  it  is  apparent  that  the  process  of  Inference, 
with  which  we  are  in  this  chapter  concerned,  is  never  in  its 
earlier  or  least  developed,  stages  a  process  of  conscious  oom- 
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parisou.  The  inference  is  formed  out  of  the  perception,  as  it 
were,  immediately,  and  does  not  require  to  pass  through  any 
such  process  of  reflection  as  the  term  ratiocination  is  apt,  and 
indeed  ought,  to  imply ;  the  ratios  at  this  stage  are  perceived, 
compared,  and  'the  inference  from  them  drawn,  without  the 
need  of  deliberate  thought.  For  instance,  I  am  hurrying  to 
catch  a  train,  and  meet  a  man  in  the  street  hurrying  in  the 
opposite  direction ;  we  both  begin  rapidly  to  dance  from  side 
to  side  in  our  endeavour  to  pass  one  another,  and  each  time 
we  do  so  it  is  evident  that  we  have  each  inferred  that  the 
other  will  pass  on  the  opposite  side  :  yet  these  successive  acts 
of  inference  are  made  with  such  rapidity,  that  not  only  has 
there  been  no  deliberate  thought  in  the  matter,  but  it  is  only 
by  such  thought  that  I  can  afterwards  find  that  I  must  have 
performed  so  many  separate  acts  of  inference. 

Clearly,  then,  it  is  in  these  lower  stages  of  perception 
that  we  have  to  look  for  the  first  germ  of  reason :  for  this 
purpose,  let  us  first  interrogate  our  own  perceptions.  The 
large  measure  in  which  inference  enters  into  the  very  struc- 
ture even  of  our  most  habitual  perceptions  is  easily  shown. 
Sir  David  Brewster  has  noticed  the  fact,  which  must  have 
been  observed  by  every  one,  that  when  looking  through  a 
window  on  the  pane  of  which  there  is  a  fly  or  a  gnat,  if  the 
eyes  are  adjusted  for  a  greater  distance,  so  that  the  gnat  is 
not  clearly  focussed,  the  mind  at  once  infers  that  it  is  a  bird, 
or  some  other  much  larger  object  seen  at  a  greater  distance.* 
Now  this  shows  that  in  the  case  of  all  our  visual  perceptions 
mental  inference  is  perpetually  at  work,  compensating  for  the 
effects  of  distance  in  diminishing  apparent  size.  No  less 
constant  must  be  the  work  of  mental  inference  in  compen- 
sating for  the  effects  of  the  "  blind  spot "  upon  the  retina. 
For  if  the  vision  be  directed  to  a  coloured  surface,  the  part  of 
the  surface  which,  on  account  of  the  blind  spot,  is  not  really 
seen,  yet  appears  to  be  seen ;  and  not  only  so,  but  it  appears 
to  be  coloured  the  same  tint  as  the  rest  of  the  surface,  what- 
ever this  may  happen  to  be :  unconscious  inference  supplies 
the  colour.  Mr.  Sully  has  devoted  a  large  part  of  his  work 
on  "  Illusions"  to  a  survey  and  classification  of  "  The  Illusions 
of  Perception ;"  and  in  most  of  the  instances  which  he  gives 
it  is  apparent,  as  he  observes,  that  the  illusion  arises  through 
the  mental  "  application  of  a  rule,  valid  for  the  majority  of 
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cases,  to  an  exceptional  case" — i.e.,  the  illusion  arises  from  an 
erroneous  inference.  It  therefore  seems  needless  for  me  to 
occupy  space  with  an  enumeration  of  instances. 

The  first  or  earliest  stage  of  inference,  then,  is  that  in 
which  the  inference  arises  in  or  together  with  the  perception, 
as  when  we  infer  that  a  gnat  is  a  bird,  or  that  the  portion  of 
a  surface  corresponding  to  the  blind  spot  of  the  retina  is 
coloured  like  the  surrounding  portions  of  the  surface ;  infe- 
rence may  here  be  said  to  be  a  constituent  part  of  perception.* 
In  other  words,  we  do  not  in  such  cases  really  sensate  all  that 
we  perceive,  and  the  residue  of  the  perception  is  supplied  by 
inference  which  is  unconscious  only  because  it  is  so  instan- 
taneous.  The  reason  why  in  such  cases  it  is  so  instantaneous, 
is  because  the  part  furnished  by  inference   has  been  so 
habitually  associated  with  the  part  furnished  by  sensation, 
that  the  instant  the  sensation  is  perceived  the  mental  addition 
is  suppi-i^ii.    That  this  is  the  true  explanation  of  the  matter 
is  rendered  evident,  not  only  from  the  deductive  considera- 
tions just  stated,  but  also  from  the  inductive  verification 
which  they  receive  from  the  facts  that  a  'se  when  a  man  who 
has  been  born  blind  is  suddenly  made  to  see.    A  good  case  of 
this  kind  is  the  celebrated  one  of  the  youth  (about  twelve  years 
of  age)  whor .  Mr.  Cheselden  couched  for  removing  congenital 
cataracts  from  both  eyes.     I  shall  therefore  quote  «  few  pas- 
sages from  Mr.  Cheselden's  account  of  the  case. 

"  When  he  first  saw  he  was  so  far  from  making  any  judg- 
ment about  distances,  that  he  thought  all  objects  whatever 
touched  his  eyes  (as  he  expressed)  as  what  he  felt  touched 
his  skin,  and  thought  no  objects  so  agreeable  as  those  which 
were  smooth  and  regular,  though  he  could  form  no  judgment 
of  their  shape,  or  guess  what  it  was  in  any  object  that  was 
pleasing  to  him.  He  knew  not  the  shape  of  anything,  nor 
any  one  thing  from  another,  however  different  in  shape  and 
magnitude;  but  upon  being  told  what  things  were,  whose 
form  he  before  knew  from  feeling,  he  would  carefully  observe, 
that  he  might  know  them  again;  but  having  too  many 
objects  to  learn  at  onco,  he  forgot  many  of  them ;  and  (as  he 
said)  at  first  learnt  to  know,  and  again  forgot  a  thousand 
things  in  a  day.  One  particular  only  (though  it  may  appear 
trifling)  I  will  relate.    Having  often  forgotten  which  was  the 

*  Just  in  the  same  way  as  we  found  percption  to  form  an  integral  part 
of  Memory  and  of  the  Association  of  Ideas. 
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cat  and  which  was  the  dog,  he  was  ashamed  to  ask;  but 
catching  the  cat  (which  he  knew  by  feeling)  he  was  observed 
to  look  at  her  steadfastly,  and  then  setting  her  down  said, 
'  So  puss !  I  shall  know  you  another  time.'  .  .  .  We  thought 
he  soon  knew  what  pictures  were  which  were  showed  to  him, 
but  we  found  afterwards  we  were  mistaken ;  for  about  two 
months  after  he  was  couched,  he  discovered  at  once  they 
represented  solid  bodies,  when  to  that  time  he  considered 
them  as  only  party-eoloured  planes,  or  surfaces  diversified 
with  variety  of  paints ;  but  even  then  he  was  no  less  sur- 
prised, expecting  the  pictures  would  feel  like  the  things  they 
represented;  and  was  amazed  when  he  found  those  parts, 
which  by  their  light  and  shadow  appeared  round  and  uneven, 
felt  only  flat  like  the  rest ;  and  asked  which  was  the  lying 
sense,  feeling  or  seeing." 

Dr.  W.  B.  Carpenter  gives  a  somewhat  simQar  case  which 
fell  within  his  own  observation;*  but  taking  the  above  as 
sufficient  for  our  purposes,  it  is  evident  that  the  youth,  upon 
being  first  able  to  see,  was  not  able  to  supply  any  of  those 
mental  inferences  from  his  visual  perceptions  which  alone 
could  make  these  sensations  of  any  practical  use  as  guides  or 
stimuli  to  action:  that  is  to  say,  in  the  absence  of  these 
inferences,  these  perceptions  were  imperfect.  But  he  imme- 
diately set  about  establishing  consciously,  or  with  deliberate 
intention,  those  numberless  associations  between  sight  and 
touch  which  are  usually  acquired  in  early  infancy,  and  which 
are  required  to  constitute  the  data  of  the  mental  inferences 
which  we  are  considering.  The  number  of  such  special  asso- 
ciations required  being  so  great  and  vfried,  we  may  wonder 
that  even  within  the  space  of  three  months  he  should  have 
been  able  to  have  made  so  much  progi'ess  as  to  feel  his  visual 
perception  deceived  by  the  arts  of  shading  and  perspective ; 
but  on  this  point  I  shall  have  more  to  say  presently.  Mean- 
while it  is  enough  to  remember  that  the  case  proves  the 
utility  of  all  our  visual  perceptions  to  depend  upon  the  ingi-e- 
dient  of  mental  inference  which  is  supplied  by  habitual 
association ;  and,  of  course,  we  cannot  doubt  that  the  same  is 
true  of  perceptions  yielded  by  the  other  senses-f 

*  Human  Phynology,  7tli  ed.,  p.  103,  and  in  more  detail,  Contemp.  Rev,, 
vol.  xxi,  pp.  781-2. 

t  Ab  Adam  Smith  obsenreB,  in  his  oommentB  upon  thiB  case,  "  When  the 
young  gentleman  said  that  objects  which  he  saw  touched  hia  eyes,  he  oer- 
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Such,  then,  I  conceive  to  be  the  first  or  most  rudimentar}' 
stage  of  inference,  where,  in  virtue  of  constant  association, 
the  act  is  organically  bound  up  with  a  sensuous  perception, 
so  as  in  fact  to  constitute  an  integral  part  of  such  perception, 
and  therefore  to  be  precluded  from  ever  emerging  into  con- 
sciousness as  a  separate  ac:  of  mind.  The  next  stage  in  the 
process  of  inference  I  take  to  be  the  one  which  Mr.  Spencer 
regards  as  tlie  earliest  stage.  This,  in  his  words,  is  "that 
reasoning  through  which  the  great  mass  of  surrounding  co- 
existences and  sequences  are  known."*  That  is  to  say,  when 
habitually  co-existing  groups  of  external  objects,  attributes, 
and  relations  recognized  become  too  numerous  and  too  com- 
plex to  be  all  recognized  simultaneously,  or  when  the  first  in 
a  series  of  habitually  successive  groups  occurs,  the  unper- 
ceived  objects,  attributes,  or  relations  are  inferred.  For 
instance,  if  a  sportsman  while  shooting  woodcock  in  cover 
sees  a  bird  about  the  size  and  colour  of  a  woodcock  get  up 
and  fly  through  the  foliage,  not  having  time  to  see  more  than 
that  it  is  a  bird  of  such  a  size  and  colour,  he  immediately 
supplies  by  inference  the  other  qualities  of  a  woodcock,  and 
is  afterwards  disgusted  to  find  that  he  has  shot  a  thrush.  I 
have  done  so  myself,  and  could  hardly  believe  that  the  thrush 
was  the  bird  I  had  fired  at,  so  complete  was  my  mental  sup- 
plement to  my  visual  perception.  And,  without  waiting  to 
give  illustrations,  it  is  evident  that  the  same  principles  apply 
to  the  case  of  habitual  sequences. 

The  second  stage  Oi  inference,  then,  is  reached  when, 
owing  to  a  constant  association  of  objects,  qualities,  or  rela- 
tions in  the  environment,  a  correspondingly  constant  ass  Na- 
tion of  ideas  is  produced  in  the  mind,  such  that  when  some 
members  of  the  external  group  are  perceived,  the  other 
members  of  it  are  inferred.  Inference  at  this  stage  resembles 
inference  at  the  earlier  stage  which  we  have  considered  in 
one  respect,  and  differs  from  it  in  another.  The  resemblance 
consists  in  the  act  of  inference  being  too  rapid  to  admit  of  its 

tainly  could  not  mean  that  thoj  pressed  upon  or  resisted  his  eyes  .... 
He  could  moan  no  more  Mian  that  they  wore  close  upon  bis  eyes,  or  to  speak 
more  properly,  perhaps,  that  they  were  in  his  eyes.  A  deaf  man,  who  was 
made  all  at  once  to  near,  might  in  the  same  manner  naturally  enough  say, 
that  the  sounds  which  ho  heard  touched  liis  ears,  meaning  that  ho  felt  them 
as  close  upon  his  ears,  or,  to  speak  perhaps  more  properly,  as  in  his  ears," 
(Ettaif  on  External  Senset.) 

•  Principle  qf  PMjfohology,  vol.  i,  p.  468. 
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being  consciously  recognized  as  an  act  of  mind  separate  or 
distinct  from  the  perception.  The  difference  consists  in  sub- 
sequent reflection  being  able  to  show  that  the  act  of  inference 
toas  distinct  from  the  act  of  perception,  and  miist  have  been 
separated  from  it  by  a  short  interval  of  time  ;  the  inference 
did  not,  as  in  the  previous  cases,  constitute  an  integral  part 
of  the  perception. 

The  next  stage  which  we  are  able  to  distinguish  in  the 
faculty  of  inference  is,  I  think,  that  of  the  conscious  com- 
parison of  objects,  qualities,  or  relations.  Here  we  arrive  at 
ratiocination  strictly  so  called ;  but  still  not  necessarily  at 
self-conscious  thought.  At  this  stage  we  make  what  Mr. 
Mivart  calls  "  practical  inferences ;"  that  is  to  say,  we  com- 
pare one  group  of  ratios  with  another,  but  without  thinking 
of  them  as  ratios.  Thus,  for  instance,  if  I  meet  a  cut-throat 
looking  man  upon  a  lonely  road  in  Ireland,  I  may  begin  con- 
sciously to  determine  the  probabilities  whether  he  is  one  of  a 
"  brotherhood,"  and  if  so  whether  he  is  waiting  for  me ;  but 
I  cast  the  matter  over  in  my  mirul  wliile  we  are  approaching 
one  another,  without  waiting  to  nk  about  my  thoughts.  If 
I  do  wait  to  think  about  them,  1  know  that  I  have  been 
carrying  on  a  process  of  reasoning ;  but  I  have  equally  carried 
on  that  process  whether  or  not  I  ever  think  about  it  after- 
wards as  a  process. 

The  last  or  highest  stage  of  reasoning  is  attained  when 
the  process  admits  of  being  consciously  recognized  as  a  pio- 
cess,  or  itself  becomes  an  object  of  knowledge.  Thin  is  the 
stage  at  which  it  first  becomes  possible  intentionally  to 
abstract  qualities  or  relations  for  the  purposes  of  inference. 
Here,  therefore,  it  first  becomes  possible  to  use  symbols  )f 
ideas  instead  of  the  actual  ideas  themselves,  and  so  if  is  lui-e 
that  the  "  Logic  of  Signs  "  first  emerges  from  the  "  i.  ^ic  of 
Feelings."  In  my  next  work  I  shall  have  a  great  deal  to  say 
touching  this  final  stage ;  but  as  it  only  occurs  in  Man,  I  have 
nothing  more  to  say  about  it  at  present. 

Turning  now  to  animals,  it  is  evident  that  they  must 
present  the  first,  or,  as  we  may  call  it,  the  perceptive  stage  of 
inference ;  for  otherwise  their  whole  mechanism  of  perception 
would  need  to  be  supposed  different  from  our  own.  But  there 
is  only  one  respect  in  which  this  mechanism  can  be  shown 
to  be  different,  arr"  <^hi8  consists  in  the  fact  already  mentioned 
in    former'  chapters — viz.,    that  newly -rhatched  birds  and 
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newly-born  mammals  are  ible,  without  such  individual  ex- 
perience as  is  required  in  the  case  of  man,  immediately  and 
correctly  to  supply  all  the  mental  inferences  which  are 
needed  to  complete  their  sensuous  perceptions.  Of  course 
the  explanation  of  this  must  be  that  heredity  in  these  cases 
has  already  done  the  work,  so  that  the  young  animal  comes 
into  the  world  with  its  meotal  endowments  of  perceptive 
inference  as  fully  elaborated  and  as  completely  efficient  as  its 
bodily  endowments  of  perceptive  sensations.  But  the  ques- 
tion arises.  Why  is  not  this  also  the  case  with  Man  ?  That 
it  is  not  the  case  is  sufficiently  proved  by  the  results  of 
couching  for  cataract  previously  quoted ;  but  why  it  should 
not  be  the  case  is  not  quite  so  clear,  and  hitherto  has  not  been 
sufficiently  considered ;  for  it  is  only  since  the  experiments  of 
Mr.  Spalding  that  the  facts  with  regard  to  animals  have 
become  known.*  I  think  the  answer  to  this  question  is 
as  follows. 

First  of  all,  there  is  no  evidence  to  show  that  even  in  the 
case  of  man  heredity  has  not  played  a  very  important  part 
(though  not  so  important  as  with  animals)  in  supplying ,  the 
machinery  of  perceptive  inference.  Indeed  I  think  we  have 
some  evidence  to  show  that  it  has ;  for  only  by  supposing 
this  are  we  able  to  explain  why  the  youth  whose  case  was  so 
well  described  by  Mr.  Cheselden  was  able,  after  so  short  an 
interval  as  three  months,  to  perceive  the  illusory  effects  of 
shading  and  perspective  in  a  picture.  But,  even  if  it  be 
allowed  that  heredity  here  played  an  important  part,  there  is 
still,  no  doubt,  a  great  discrepancy  to  be  explained  in  the 
degree  of  its  influence  as  compared  with  its  absolute  per- 
fection in  the  case  of  the  lower  animals.  But  I  think 
there  are  two  considerations  which,  taken  together,  are  suffi- 
cient to  explain  the  discrepancy.  In  the  first  place  we  have 
already  seen,  when  treating  of  the  hereditary  instinctive 
endowments  of  animals,  that  the  machineiy  of  these  endow- 
ments is  apt  to  be  thrown  out  of  gear  if  they  are  not  allowed 
full  play  at  the  time  of  life  when  they  ought  normally  to 
have  first  come  into  operation.  Therefore  in  the  case  of  this 
youth  it  seems  highly  probable  that  during  the  twelve  years 

*  Or  nther,  I  should  laj,  so  well  known.  Houseau  had  pointed  oat 
that  while  young  infants  are  unable  to  localize  a  pain  or  other  sensation, 
newly-born  calves  are  able  to  do  so  with  pffecision  (see  Fac.  Mim.  dea 
AnimmuXt  torn,  i,  p^  62). 
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of  his  congenital  blindness,  whatever  hereditary  endowments 
he  may  have  had  in  the  way  of  forming  perceptive  inferences 
relating  to  sight,  were  largely  aborted  by  disuse,  if  not  also 
thrown  out  of  gear.  The  other  consideration  is  that,  during 
these  twelve  years  his  faculties  of  perceptive  inference  were 
not  lying  idle,  but  were  thrown  with  all  the  greater  strength 
into  his  perceptions  arising  from  touch  and  hearing.  It  is 
therefore  abundantly  probable  that,  even  upon  this  lowest 
plane  of  inference,  the  strong  organization  which  had  been 
formed  between  this  faculty  and  the  perceptions  of  touch 
and  hearing,  made  it  all  the  more  difficult  for  this  faculty  to 
form  a  new  organization  with  the  perceptions  of  sight. 
Further  than  this,  I  think  it  is  not  improbable  that  the 
Imman  mind,  in  being  so  habitually  concerned  with  processes 
of  inference  on  higher  planes,  would  not  be  so  ready  to  build 
up  by  unconscious  association  a  mechanism  of  perceptive  or 
automatic  inference,  as  would  the  less  highly  elaborated  mind 
of  an  animal  similarly  situated.  Still,  notwithstanding  these 
considerations,  I  feel  that  it  would  be  well  worth  while  to  try 
the  experiment  of  keeping  an  animal  blindfolded  from  the 
time  of  its  birth  till  it  is  a  year  or  two  old,  and  then  to  see, 
when  the  blindfolding  was  removed,  whether  or  not  its  facul- 
ties of  perceptive  inference  resemble  those  of  a  similar 
animal  soon  after  its  birth. 

That  inference  of  what  I  have  called  the  second  stage  also 
occurs  in  animals  no  one  will  dispute,  although,  of  course, 
some  psychologists  may  object  to  my  calling  this  particular 
case  of  the  association  of  ideas  by  the  name  of  inference.  I 
have  already  said  in  the  chapter  which  deals  with  Memory 
and  the  Association  of  Ideas,  that  it  is  impossible  to  say 
which  are  really  the  lowest  animals  that  possess  these 
faculties ;  and  therefore  it  is  still  more  impossible  to  say 
where  in  the  animal  kingdom  inference  of  the  first  or  of  the 
second  stage  begins :  we  can  only  say  that  wherever  there  is 
"■visual  or  other  sensuous  perception  which,  as  a  perception, 
requires  to  form  an  estimate  of  distance  or  other  simple  rela- 
tion not  immediately  given  by  sensation,  but  mentally 
deduced  from  sensation — there  we  must  suppose  that  in- 
ference of  the  first  stage  obtains  ;  and  that  wherever  there  is 
an  association  of  ideas,  such  that  the  occurrence  of  one 
perception  arouses  an  inferred  knowledge  of  a  complement  of 
that  perception,  or  an  inferred  anticipation  of  a  future  event 
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— there  we  must  suppose  that  inference  of  the  second  stage 
obtains.  And,  although  we  are  not  able  to  draw  the  lines 
with  precision,  we  know  that  both  these  conditions  occur  low 
down  among  the  Invertebrata. 

The  next  stage  of  inference  is  the  highest  that  obtains 
among  animals.  This  is  the  stage  in  which  objects,  qualities, 
and  relations  are  deliberately  compared  with  the  intention  of 
perceiving  likenesses  and  unlikenesses  (analogies) ;  the  action 
which  foUows  is  therefore  undertaken  with  a  knowledge,  or 
perception,  of  the  relation  between  the  means  employed  and 
the  ends  attained.  This,  as  I  have  before  said,  is  the  stage  of 
the  process  of  inference  at  which  the  term  Eeason  or  Ratio- 
cination first  becomes  appropriate,  and  therefore  it  is  with 
reference  to  this  stage  that  I  first  use  the  word.  That  this 
stage  of  the  process  of  inference  is  reached  by  nearly  all  the 
warm-blooded  animals,  and  even  by  some  of  the  Invertebrata, 
no  one,  I  think,  can  possibly  question.  If,  however,  any  one 
should  do  so,  I  must  refer  him  to  my  previous  work ;  for  the 
instances  there  given  are  so  numerous  that  it  would  be  tedious 
here  to  reprt  duce  even  the  more  striking  among  them.*  To 
my  mind  the  most  remarkable  of  these  instances  are  those 
which  have  refcience  to  the  Hymenoptera. ;  for  although  the 
faculty  does  not  attain  to  so  high  a  level  of  development 
among  them  as  it  does  among  some  of  tlie  warm-blooded 
Vertebrata,  it  certainly  has  attained  to  much  more  than  a 


*  For  the  sake  at  once  of  giving  a  striking  example  of  reason  in  an 
animal  most  nearly  approaching  man,  and  of  supplementing  a  deficiency  in 
my  former  treatise,  I  snail  here  quote  a  passage  from  Dr.  Bastian's  work  on 
The  Brain  at  an  Organ  of  Mind  (p.  329).  "  In  regard  to  the  high  degree  of 
Intelligence  of  the  Orang,  we  have  the  following,  on  the  best  of  testimony, 
from  Leuret,  who  says  {Anat.  Comp.  du  Syat.  Nerv.,  torn,  i,  p.  540)  : — 

" '  One  of  the  Orangs,  which  recently  died  at  the  Mfinagerie  of  the  Mu8<^, 
was  accustomed,  when  the  dinner-hour  had  come,  to  open  the  door  of  the 
room  where  he  took  his  meals  in  company  with  several  persons.  As  he  was 
not  sufficeintly  tall  to  reach  as  far  as  the  key  of  the  door,  he  hung  on  to  a 
rope,  balanced  himself,  and  after  a  few  oscillations  very  quickly  reached  the 
key.  Bis  keeper,  who  was  rather  worried  by  so  much  exactitude,  one  day 
took  occasion  to  make  three  knots  in  the  rope,  which,  having  thus  been  made 
too  short,  no  longer  permitted  the  Orang-outang  to  seize  the  key.  The 
animal,  after  an  ineffectual  attempt,  recognizing  the  nature  of  the  ohttacle 
which  opposed  hi*  desire,  climbed  up  the  rope,  placed  himself  above  the  knots, 
and  untied  aU  three,  in  the  presence  of  M.  Geoffroy  Saint-Hilaire,  who  related 
the  fact  to  me.  The  same  ape  wishing  to  open  a  door,  his  keeper  gave  him  a 
bunch  of  fifteen  keys ;  the  ape  tried  them  in  turn  till  he  had  found  the  one 
which  he  wanted.  Another  tune  a  bar  of  iron  was  put  into  his  hands,  and  bo 
made  use  of  it  as  a  lever."  * 
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'proportional  development  in  them ;  and  iJ°,  whether  we 
consider  their  position  in  the  zoological  scale,  or  the  general 
structure  of  their  psychology  as  compared  with  that  of  other 
animals — so  that  if  the  whole  structure  of  their  psychology 
were  correspondingly  advanced,  these  insects  would  deserve 
to  be  placed  on  a  psychological  level  with  Birds,  if  not  with 
some  of  the  more  intelligent  of  the  Mammalia.  But  looking 
to  their  psychology  as  a  whole,  I  think  that  its  status  may 
most  fairly  be  assigned  to  the  level  on  which  I  have  placed  it 
in  the  diagram.  However,  I  do  not  conceal  that  the  peculiar 
nature  of  ant  and  bee  intelligence  makes  it  most  difficult  to 
compare  with  the  intelligence  of  higher  animals. 

Another  special  difficulty  with  reference  to  reason  in 
animals  meets  us  in  the  case  of  the  Beaver.  For,  as  remarked 
in  "Animal  Intelligence,"  "on  the  one  hand  it  seems  in- 
credible that  the  beaver  should  attain  to  such  a  level  of 
abstract  thought  as  would  be  implied  by  his  forming  his 
various  structures  with  the  calculated  purpose  of  achieving 
the  ends  which  they  undoubtedly  subserve.  On  the  other 
hand,  as  we  have  seen,  it  seems  little  less  than  impossible 
that  the  formation  of  these  structures  can  be  due  to  instinct." 
The  structures  specially  alluded  to  in  this  connection  were 
the  beaver  canals,  and  my  information  concerning  them  was 
derived  exclusively  from  the  work  of  the  late  Mr.  Lewis  H. 
Morgan.  Since  the  publication  of  "  Animal  Intelligenct," 
however,  I  am  informed  from  private  sources  that  the  intelli- 
gence of  the  beaver  has  been  greatly  over-estimated.  My 
correspondents  have  undoubtedly  seen  much  of  the  habits  of 
American  beavers ;  but  as  I  place  confidence  in  the  observa- 
tions of  Mr.  Morgan,  I  do  not  feet  entitled  to  allow  the 
counter-statements  of  my  correspondents  to  nullify  them. 
Still,  I  must  allow  such  counter-statements  to  carry  a  con- 
siderable degree  of  weight,  and  therefore  I  feel  that  at  present 
it  is  most  judicious  to  say  that,  pending  further  and  trust- 
worthy observations,  I  am  not  really  in  a  position  to  discuss 
the  quality  of  reason  as  it  occurs  in  this  animal.  Ou  this 
account  I  should  not  here  have  referred  to  the  subject  at  all, 
were  it  not  that  in  my  previous  work  I  promised  to  discuss  it 
in  the  present  one.  Finding,  however,  since  then,  that  the 
facts  do  not  appear  to  be  so  certain  as  I  supposed,  I  prefer, 
with  this  explanation,  to  allow  the  matter  drop. 
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Recurring  now  to  my  views  on  the  origin  and  develop- 
ment of  Reason,  it  will  have  been  noticed  that  they  differ 
materially  from  those  of  Mr.  Herbert  Spencer,  and,  therefore, 
looking  to  the  influence  which  he  justly  exerts  upon  all 
matters  relating  to  psychological  analysis,  I  feel  that  it  is 
desirable  to  enter  at  some  length  into  an  explanation  of  the 
ground  on  which  I  have  been  here  reluctantly  compelled  to 
disagree  with  him.  Possibly  the  divergence  between  us  may 
not  be  so  important  as  at  present  I  am  led  to  suppose ;  but  if 
it  should  hereafter  admit  of  being  shown  that  such  is  not  the 
case,  I  need  scarcely  say  that  the  fact  would  be  a  matter  of 
sincere  gratification  to  me. 

According  to  Mr.  Spencer,  Reason  arises  out  of  "  com- 
pound reflex  action "  or  "  Instinct,"  when,  this  reaches  a 
certain  level  of  compounding  or  complexity.*  Now  I  have 
already  given  the  considerations  which  induce  me  to  differ 
from  Mr.  Spencer  in  regarding  Instinct  as  compound  reflex 
action,  and  therefore  it  is  only  in  a  general  way  that  I  am 
able  to  agree  with  him  in  his  theory  of  the  origin  and  de- 
velopment of  Reason.  Nevertheless,  in  a  general  way  I  am 
able  to  agree  with  him,  and  Ik-jrefore  I  shall  begin  by  stating 
the  points  in  which  I  do  sa 

First  he  says : — ''  The  impossibility  of  establishing  any 
line  of  demarkation  between  the  two  [Instinct  and  Reason] 
may  be  clearly  demonstrated.  If  every  instinctive  action  is 
an  adjustment  of  inner  to  outer  relations,  and  if  every 
rational  action  is  also  an  adjustment  of  inner  relations  to 
outer  relations ;  then,  any  alleged  distinction  can  have  no 
other  basis  than  some  diflTerence  in  the  characters  of  the 
relations  to  which  the  adjustments  are  made.  It  must  be 
that  while,  in  Instinct,  the  correspondence  is  between  inner 
and  outer  relations  that  are  very  simple  or  general ;  in  Reason, 
the  correspondence  is  between  inner  and  outer  relations  that 
are  complex,  or  special,  or  abstract,  or  infrequent.  But  the 
complexity,  speciality,  abstractness,  and  infrequency  of  rela- 
tions, are  entirely  matters  of  degree.  .  .  .  How  then 
can  any  particular  phase  of  complexity  or  infrequency  be 
fixed  upon  as  that  at  which  Instinct  ends  and  Reason 
begins  ?  "t 

With  this  statement  I  quite  agree,  provided  I  am  allowed 

*  See  Principlet  qf  PayckoUfjfj/,  i,  pp.  258-71. 
t  Loc.  at.,  pp.  468-4. 


REASON. 


331 


to  make  the  important  addition  that  it  must  be  strictly 
limited  to  the  objective  aspect,  as  distinguished  both  from  the 
subjective  and  ejective  aspects  of  the  phenomena.  In  other 
words,  if  we  have  regard  only  to  the  physical  aspect  of  the 
phenomena  (i.e.,  the  physiology  of  ganglionic  processes  as 
expressed  in  the  adjustive  movements  of  organisms),  this 
statement  of  the  case  is  unexceptionable.  But  if  we  pass 
from  physiology  to  psychology,  the  statement  ceases  to  be 
adequate ;  for  both  in  the  region  of  subjective  and  of  ejective 
psychology  it  would  fail  to  express  the  important  distinction 
between  two  very  different  acts  of  mind — viz.,  one  in  which 
there  is  no  knowledge  of  the  relation  between  means  em- 
ployed and  ends  attained,  and  one  in  which  there  is  such 
knowledge.* 

But,  passing  over  this  point,  we  arrive  at  a  lucid  state- 
ment of  the  view  that  "when  the  correspondence  has  advanced 
to  those  environing  objects  and  acts  which  present  groups  of 
attributes  and  relations  of  considerable  complexity,  and  which 
occur  with  comparative  infrequency — when,  consequently,  the 
repetition  of  experiences  has  been  insufhcient  to  make  the 
sensory  changes  produced  by  such  groups  cohere  perfectly 
with  the  adaptive  motor  changes — when  such  motor  changes 
and  the  impressions  that  accompany  them  simply  become 
nascent :  then,  by  implication,  there  result  ideas  of  such 
motor  changes  and  impressions,  or,  as  already  explained, 
memories  of  the  motor  changes  before  performed  under  like 
circumstances,  and  of  the  concomitant  impressions."  Still 
there  is  not  yet  any  manifestation  of  rationality.  But  now, 
"when  the  confusion  of  a  complex  impression  with  some 
allied  one  causes  Sk  confusion  among  the  nascent  motor  exci- 
tations, there  is  entailed  a  certain  hesitation,  and  .... 
ultimately  some  one  set  of  motor  excitations  will  prevail  over 
the  rest."  The  strongest  set  will  eventually  pass  into  action, 
and  as  this  set  will  usually  have  reference  to  the  circumstances 
which  have  recurred  most  frequently  in  experience,  "the 
action  will,  on  the  average  of  cases,  be  the  one  best  adapted 
to  the  circumstances.    But  an  action  thus  produced  is  nothing 


*  It  will  be  observed  that  if  we  adopt  Mr.  Spencer's  definition  of  Instinct, 
the  breach  on  the  mental  side  is  still  further  widened — the  distinction 
between  Instinct  and  Beason  being  then  equivalent  to  the  distinction  between 
nervous  actions  having  no  mental  counterparts  at  all,  and  nervous  actions 
which  on  their  subjective  side  are  intentionally  adaptive. 
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else  than  a  rational  one This,  however,  is  just 

the  process  which  we  saw  must  arise  whenever,  from  increas- 
ing complexity  and  decreasing  frequency,  the  automatic  adjust- 
ment of  inner  to  outer  relations  becomes  uncertain  and 
hesitating.  Hence  it  is  clear  that  the  actions  we  call  instinc- 
tive pass  gradually  into  the  actions  we  call  rational." 

Now  in  an  earlier  part  of  this  treatise  I  have  stated  my 
belief  that  consciousness  arises  when  a  nerve-centre  is  sub- 
jected to  a  comparative  turmoil  of  molecular  forces,  which 
finds  its  physiological  expression  in  delay  of  response,  or,  as 
Mr.  Spencer  says,  in  "  hesitation."  But  I  do  not  believe  that 
in  all  such  cases  Eeason,  as  distinguished  from  Consciousness, 
must  arise.  Therefore  I  shoidd  say  that,  although  there 
cannot  be  Eeason  without  such  ganglionic  friction,  there 
may  be  such  ganglionic  friction  without  Reason.  There  may, 
for  example,  be  a  large,  and  even  a  distressing  amount  of 
such  friction  produced  in  the  case  of  a  conflict  of  instincts ; 
there  may  in  such  cases  be  prolonged  delay  ending  in  "  the 
strongest  group  of  antagonistic  tendencies  at  length  passing 
into  action ;"  and  yet  no  act  of  reason  need  arise. 

In  what  respect,  then,  do  I  differ  from  Mr.  Spencer  touch- 
ing the  genesis  of  Eeason  ?  I  differ  from  him,  firstly,  in  not 
deeming  an  act  of  reason  as  such  a  constant  or  invariable 
index  of  ganglionic  disturbance  greater  than  that  which  may 
arise  under  other  circumstances  of  psychical  activity  (and 
therefore  in  not  deeming  that  reason  must  Tiecessa.rily  arise  out 
of  such  disturbance);  and,  secondly,  in  not  deeming  that 
Eeason  can  only  arise  out  of  Instinct. 

Taking  these  two  points  of  difference  separately,  it  will  be 
enough  to  say  of  the  first  that  it  has  reference  only  to  the 
earliest  origin  of  Eeason,  or  to  acts  of  reason  of  the  simplest 
kind ;  in  the  case  of  more  elabomte  processes  of  reasoning 
I  have  no  doubt  that  the  ganglionic  disturbance  m^ist  be 
great,  and  that  without  such  disturbance  these  more  elaborate 
processes  would  not  be  possible.  But  this,  of  course,  is  a 
widely  different  matter  from  concluding  that  wherever  gan- 
glionic distui'bance  reaches  a  certain  degree  of  complexity, 
leading  to  a  consequent  delay  of  response,  there  Eeason  (as 
distinguished  from  vividness  of  consciousness)  must  neces- 
sarily arise.  On  the  contrary,  I  hold  that  in  the  lower  stages 
of  what  I  have  defined  as  Eeason  (and,  h  fortiori,  in  all  the 
stages  of  what  I  have  defined  as  Inference),  there  may  not  be 
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more,  and  there  may  not  be  even  so  much  ganglionic  dis- 
turbance or  consequent  delay  of  response,  as  there  may  be 
where  no  act  of  rationality  is  concerned — as,  e.g.,  in  a  conflict 
of  instincts. 

Turning  now  to  my  second  point  of  difference  with 
Mr.  Spencer,  I  can  see  no  adequate  ground  for  concluding 
with  him  that  Reason  can  only  arise  out  of  Instinct.  On  the 
contrary,  holding,  as  I  have  explained,  that  Eeason  has  its 
antecedents  in  the  habitual  inferences  of  sensuous  perception, 
that  Instinct  (as  distinguished  from  Reflex  Action)  likewise 
has  its  antecedents  in  sensuous  perception,  and  that  neither 
Reason  nor  Instinct  can  advance  beyond  this  first  origin 
without  an  always  corresponding  advance  in  the  powers  of 
perception ;  holding  these  views,  I  am  forced  to  conclude  that 
Perception  is  the  common  stem  out  of  which  Instinct  and 
Reason  arise  as  independent  branches.  In  so  far  as  Percep- 
tion involves  Inference,  Instinct  involves  Perception,  and 
Reason  involves  Inference,  there  arises,  of  course,  a  genetic 
connection  between  Instinct  and  Reason  ;  but  this  connection 
is  clearly  not  of  the  kind  which  Mr.  Spencer  indicates :  it  is 
organic,  and  not  historic. 

This  important  divergence  in  my  views  from  those  of 
Mr.  Spencer  I  take  to  be  due  to  his  manner  of  regarding  the 
relations  that  subsist  between  nervous  changes  which  are 
accompanied  by  Consciousness,  and  nervous  changes  which 
are  not  so  accompanied.  Thus  the  divergence  between  our 
views  on  this  matter  began  so  far  back  as  in  our  respective 
analyses  of  Memory,  where  I  observed,  "  I  cannot  agree  that  if 
psychical  changes  (as  distinguished  from  physiological  changes) 
are  completely  automatic,  they  are  on  this  account  to  be 

preclude''  from  being  regarded  as  mnemonic In 

so  far  as  they  involve  the  presence  of  conscious  recognition,  as 
distinguished  from  reflex  action,  so  far,  I  think,  no  line  of 
demarcation  should  be  drawn  between  them  and  any  less 
perfect  memories."*  Again,  the  divergence  was  manifested 
when  I  came  to  treat  of  Perception,  and  I  there  gave  my 
reasons  for  regarding  it  as  "  very  questionable  whether  the  only 
factors  which  lead  to  the  differentiating  of  psychical  processes 
from  reflex  nervous  processes  are  (as  Mr.  Spencer  alleges) 
complexity  of  operation  combined  with  infrequency  of  occur- 
rence."t  And  the  divergence  in  question  became  still  more 
•  See  p.  180.  f  See  p.  140. 
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pronounced  when  I  arrived  at  my  analysis  of  Instinct ;  for 
by  identifying  Instinct  with  compound  reflex  action,  we  found 
it  to  be  evident  that  Mr.  Spencer  wholly  disregards  what  I 
take  to  be  the  essentially  distinguishing  feature  of  Instinct, 
viz.,  the  presence  of  Perception  as  distinguished  from  Sensa- 
tion. Thus,  lastly,  when  we  now  come  to  the  province  of 
Eeason,  the  same  divergence  recurs.  Whether  for  the  special 
purpose  in  hand  I  accept  Mr.  Spencer's  definition  of  Instinct 
as  compound  reflex  action,  or  adhere  to  my  own  definition  of 
it  as  reflex  action  into  which  there  is  imported  the  element 
of  consciousness,  I  alike  find  it  impossible  to  agree  with 
him  that  Reason  necessarily  and  only  arises  out  of  Instinct. 

For,  taking  first  Mr.  Spencer's  definition  of  Instinct,  I 
cannot  agree  that  Reason  necessarily  and  only  arises  out  of 
compound  reflex  action,  because  I  see  it  to  be  a  fact  that  in 
the  higher  organisms  we  meet  with  numerous  eases  of 
enormously  compound  reflex  actions  which  present  no  indi- 
cations of  rationality.  And  some  of  these  cases,  it  may  be 
parenthetically  observed,  can  never  at  any  period  of  their 
developmental  history  have  been  rational,  and  afterwards 
have  become  automatic  by  frequency  of  repetition.  Such,  for 
example,  cannot  have  been  the  case  with  the  compound  reflex 
actions  which  are  concerned  in  parturition,  nor  with  those 
more  obscure  reflex  actions  which  now  baffle  our  rationality 
to  comprehend — I  mean  the  changes  set  up  by  an  impreg- 
nated ovum  in  the  walls  of  the  uterus.  These  are  instances 
of  immensely  compound  reflex  actions  which  must  always 
have  occurred  with  great  rarity  in  the  life-history  of  indi- 
viduals, and  can  never  at  any  time  have  been  either  the  cause 
or  the  effect  of  i-ationality. 

Again,  taking  my  own  definition  of  Instinct,  I  cannot 
agree  that  Reason  necessarily  and  only  arises  out  of  reflex 
action  into  which  there  is  imported  the  element  of  conscious- 
ness. For  this  element  is  merely  the  element  of  Perception, 
and  I  do  not  know  of  any  evidence  to  justify  the  conclusion 
that  Perception  can  only  arise  out  of  the  growing  complexity 
and  infrequency  of  reflex  actions.  As  I  said  in  my  chapter 
on  Perception,  "  the  truth  is  that,  so  far  as  definite  knowledge 
entitles  us  to  say  anything,  the  only  constant  physiological 
difference  between  a  nervous  process  accompanied  by  con- 
sciousness and  a  nervous  process  not  so  accompanied,  is  that 
of  time.    In  very  many  cases  no  doubt  this  difference  may 
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be  caused  by  the  intricacy  or  the  novelty  of  the  nervous  pro- 
cess which  is  accompanied  by  consciousness;"*  but  seeing  that 
in  ourselves,  as  just  observed,  highly  intricate  and  very  infre- 
quent nervous  processes  may  take  place  mechanically,  I  do 
not  think  we  are  justified  in  concluding  that  complexity  and 
infrequency  of  ganglionic  action  are  the  only  factors  in  deter- 
mining the  rise  of  consciousness.  But  even  supposing,  for 
the  sake  of  argument,  that  they  are,  still  it  would  not  follow 
that  the  only  road  to  Eeason  lies  through  Instinct.  Percep- 
tion being  the  element  common  both  to  Instinct  and  to 
Reason,  it  may  very  well  happen  (and  indeed  I  think 
actually  does  happen)  that  Reason  arises  directly  out  of  those 
automatic  inferences  which,  as  we  have  seen,  are  given  in 
Perception,  and  which,  as  we  have  also  seen,  furnish  the  con- 
ditions to  the  origin  of  Instinct. 

From  this  statement,  however,  I  hope  it  will  be  manifepc 
that  I  do  not  dispute  that  Reason  may,  and  probably  does  in 
many  cases  arise  out  of  Instinct,  in  that  the  perceptive  basis 
of  Instinct  is  so  apt  to  yield  material  for  the  higher  percep- 
tions of  Reason.  I  merely  object  to  the  doctrine  that  Reason 
can  arise  in  no  other  way.  And,  as  further  showing  the 
untruth  of  this  doctrine,  I  may  in  conclusion  point  to  the 
numberless  instances  given  in  my  chapters  on  Instinct  of  the 
reciprocal  action  between  Instinct  and  Reason — the  develop- 
ment of  the  former  sometimes  leading  to  the  higher  develop- 
ment of  the  latter,  and  sometimes,  as  in  all  cases  of  the 
formation  of  Instinct  by  lapsing  intelligence,  the  development 
of  the  latter  leading  to  the  higher  development  of  the  former. 
Such  reciprocal  action  could  not  take  place  were  it  true  that 
Instinct  is  always  and  necessarily  the  precursor  of  Reason. 

I  must  not  take  leave  of  this  discussion  on  Reason  with- 
out briefly  alluding  to  the  very  prevalent  view — with  which  of 
course  I  do  not  agree — that  the  faculty  in  question  is  the 
special  prerogative  of  Man.  As  the  most  enlightened  and 
best  informed  writer  who  of  late  years  has  espoused  this 
doctrine  is  Mr.  Mivart,  I  shali  take  him  as  its  exponent,  and 
in  examining  his  arguments  on  the  subject  I  shall  consider 
that  I  am  examining  the  best  arguments  which  can  be 
.  adduced  in  support  of  the  view  in  question. 

Mr.  Darwin,  in  his  "  Descent  of  Man,"  gives  the  follow- 

•  See  p.  140. 
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ing  account  of  the  exhibition  of  Reason  on  the  part  of  a 
Crab : — "  Mr.  Gardner,  whilst  watching  a  shore  crab  (gelad- 
mus)  making  its  burrow,  threw  some  shells  towards  the  hole. 
One  rolled  in,  and  three  other  shells  remained  within  a  few 
inches  of  the  mouth.  In  about  five  minutes  the  crab  brought 
out  the  shell  which  had  fallen  in,  and  carried  it  away  to  the 
distance  of  a  foot ;  it  then  saw  the  three  other  shells  lying 
near,  and  evidently  thinking  that  they  might  likewise  roll  in, 
carried  them  to  the  spot  where  it  had  laid  the  first.  It 
would,  I  think,  be  difficult  to  distinguish  this  act  from  one 
performed  by  man  by  the  aid  of  reason."* 

Mr.  Mivart,  after  quoting  the  above,  calls  the  concluding 
sentence  an  "  astonishing  remark."!  I  shall,  therefore,  pro- 
ceed to  consider  the  very  prevalent  opinion  to  which  such  a 
commentary  introduces  us,  and  which  consists,  as  I  have  said, 
in  regarding  the  faculty  of  Season  as  the  special  prerogative 
of  Man. 

I  must  begin  by  again  observing  that  the  faculty  of 
Eeason,  in  the  sense  of  a  "  knowledge  of  the  relation  between 
means  employed  and  ends  attained,  ....  admits  of 
numberless  degrees ; "  and  I  hold  it  to  be  a  mistake,  greater 
than  any  other  that  has  been  committed  in  psychological 
science,  to  suppose  that  there  is  any  difference  of  kind 
whether  this  faculty  is  exercised  with  reference  to  the  highest 
abstractions  of  introspective  thought,  or  to  the  lowest  pro- 
ilucts  of  sensuop"  perception ;  whether  the  ideas  involved  are 
{general  or  special,  complex  or  simple,  wherever  there  is  a 
process  of  inference  from  them  which  results  in  establishing 
a  proportional  conclusion  among  them,  Lhere  we  have  some- 
thing more  than  the  mere  association  of  ideas;  and  this 
something  is  Reason.  If  i  were  to  see  a  large  stone  falling 
through  the  roof  of  my  conservatory,  and  on  climbing  to  the 
wall  above  saw  three  or  four  other  stones  just  upon  the  edge, 
I  should  infer  that  the  stones  which  fell  previously  stood  in 
a  similar  relation  to  my  conservatory,  and  therefore  that  it 
would  be  desirable  to  remove  the  others  from  their  threaten- 
ing position.  This  would  not  be  an  act  of  association,  but  an 
act  of  reason  (though  a  simple  one),  and  it  is  psychologically 
identical  with  the  act  which  was  performed  by  the  crab. 

Further,  according  to  J.  S.  Mill,  "  all  inference  is  from 
particulars  to  particulars:  General  propositions  are  merely 

*  Detoent  qfMan,  p.  270.  f  LMtmuJHm  Naturt,  p.  213. 
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registers  of  such  iuferences  already  made,  and  short  formulae 
for  making  more."  Now  although  this  doctrine  is  not 
universally  accepted  hy  logic:ans — ^Whately,  for  instance, 
having  maintained  the  exact  convers* ,  and  many  minor 
writers  more  or  less  agreeing  with  him,  -I  feel  compelled  to 
fall  in  with  it  on  purely  logical  grounds,  or  without  reference 
to  any  considerations  drawn  from  the  theory  of  evolution. 
For  it  appears  to  me  that  Mill  is  completely  successful  in 
showing  that  only  hy  this  doctrine  can  the  syllogism  he 
shown  to  have  any  functions  or  any  value.  "  It  must  he 
granted  that  in  every  syllogism,  considered  as  an  argument 
to  prove  the  conclusion,  there  is  a  petitio  princijni.  When 
we  say.  All  men  are  mortal;  Socrates  is  a  man;  therefore 
Socrates  is  mortal ;  it  is  unanswerably  urged  by  the  adver- 
saries of  the  syllogistic  theory  that  the  proposition,  Socrates 
is  mortal,  is  presupposed  iu  the  more  general  assumption,  All 
men  are  mortal."  Therefore,  "  no  reasoning  from  generals  to 
particulars  can,  as  such,  prove  anything :  since  from  a  general 
proposition  we  cannot  infer  any  particulars,  but  those  which 
the  principle  itself  assumes  as  known."  This  is  not  a  suit- 
able place  in  which  to  discuss  such  a  question  of  logic  at 
length,  and  therefore  I  shall  merely  refer  to  Mill's  exposition 
of  it.*  But  as  I  can  see  no  escape  from  the  view  which  he 
enforces  that  the  major  premiss  of  a  syllogism  is  merely  a 
generalized  memorandum  of  past  particular  experiences,  and 
therefore  that  all  reasoning  is,  in  the  last  resort,  an  infer- 
ence from  particulars  to  particulars ;  I  think  that  this  con- 
clusion (arrived  at  without  reference  to  the  theory  of 
evolution)  is  c  'mailable  to  argue  that  there  is  no  difference  in 
kind  between  the  act  of  reason  performed  by  the  crab  and 
any  act  of  reason  performed  by  a  man. 

It  must  be  remembered  that  I  am  not  now  discussing  tlie 
larger  question  us  to  whether  there  Is  any  distinction  in  Kind 
between  the  whole  mental  organization  of  an  animal  and  the 
whole  mental  orgamzation  of  a  man.  This  laraer  question  I 
shall  fuUy  discuss  in  my  subsequent  work.  Here  I  am  only 
endeavouring  to  show  that  so  far  as  the  particular  faculty  of 
mind  is  concerned  which  falls  under  my  definitiijn  of  reason, 
there  is  no  such  distinction.  A  process  of  conscious  infer- 
ence, considered  merely  as  a  process  of  conscious  inference* 

*  Logie,  ToL  i,  Oh»p.  III. 
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is  the  same  in  kind  wherever  it  occurs  and  whatever  degree 
of  elaboration  it  presents. 

But  here  I  must  meet  an  assertion  which  is  often  made, 
and  wliich  has  been  presented  by  Mr.  Mivart  with  his 
accustomed  adherence  to  logical  form,  and  therefore  with 
much  apparent  cogency.  He  says: — "Two  faculties  are 
distinct  in  kind  if  we  may  possess  the  one  in  perfection 
without  thereby  implying  that  we  possess  the  other ;  and 
:still  more  so  if  the  two  faculties  tend  to  increase  in  an 
inverse  ratio,  the  perfection  of  the  one  being  accompanied  by 
■A  degradation  of  uie  other.  Yet  this  is  just  the  distinction 
between  the  instinctive  and  rational  parts  of  man's  nature. 
His  instinQtive  actions  are,  as  all  admit,  not  rational  ones ; 
his  rational  actions  are  not  instinctive.  Even  more  than  this, 
we  may  say  the  mo'''j  instinctive  a  man's  actions  the  less 
ture  they  rational,  and  vice  versd;  and  this  amounts  to  a 
demonstration  that  reason  has  not,  and  by  no  possibiUty 
could  have  been,  developed  from  instinct  In  man  we  have 
this  inverse  ratio  between  sensation  and  perception,  and  in 
brutes  it  is  just  where  the  absence  of  reason  is  most  generally 
admitted  (e.g.,  in  insects)  that  we  have  the  very  summit  and 
perfection  of  instinct  made  known  to  us  by  the  ant  and  the 
bee.  ...  Sir  William  Hamilton  long  ago  called  atten- 
tion to  this  inverse  relation ;  but  when  two  faculties  tend  to 
increase  in  an  inverse  ratio,  it  becomes  unquestionable  that 
tthe  difiference  between  them  is  one  of  kind."* 

Now  I  meet  this  argument  by  denying  the  alleged  fact  on 
which  it  reposes.  It  is  simply  not  true  tmit  there  is  any  con- 
stant inverse  ratio  of  the  kind  stated.  It  is  no  doubt  true  in  a 
general  way  (as  the  principles  of  evolution  would  lead  us  to 
anticipate),  that  as  animals  advance  in  the  scale  of  mental 
development  their  powers  of  intelligent  a4justment  are  apt 
to  become  added  in  larger  measure  to  their  less  elaborate 
powers  of  instinctive  adjustment;  but  that  there  is  no  inverse 
proportion  between  the  two  must  be  evident  to  any  one  who 
has  directed  his  attention  to  the  mental  endowments  of 
animals.  Thus,  so  far  is  it  from  being  the  case  that  "  the 
absence  of  reason  is  most  generally  admitted"  among  the 
-ants  and  bees,  that  all  the  observers  with  whose  writmgs  I 
am  acquainted  are  unanimous  in  their  opinion  that  there  are 
no  animals  among  the  Invertebrata  wnich  can  be  said  to 

*  Ltttoiu/hm  Natnrt,  pp.  280-1. 
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•equal  the  ants  and  bees  in  respect  of  drawing  intelligent 
inferences.  Furthermore,  looking  to  the  animal  kingdom  as 
■a  whole,  I  should  say  that  while  there  is  no  very  constant 
relationship  between  the  powers  of  instinct  and  those  of 
intelligent  inference,  such  relationship  as  there  is  points 
rather  to  the  view  that  the  complexity  of  mental  organization 
which  finds  expression  in  a  high  development  of  the  instinc- 
tive faculties,  is  favourable  to  the  development  of  the  more 
intelligent  faculties.*  And  that  there  should  be  such  a 
generfd  correspondence  is  no  more  than  the  theory  of  evolu- 
tion might  lead  us  to  expect ;  for  the  progressive  complica- 
tion of  instincts  tends  to  diminish,  as  Mr.  Spencer  observes, 
their  purely  automatic  character.  But,  on  the  other  hand, 
that  this  correspondence  should  be  general  and  not  constant 
might  also  be  anticipated,  seeing  that  instincts  may  arise 
'either  without  the  precedence  of  intelligence,  or  by  means  of 
the  lapsing  of  intelligence. 

In  the  next  place,  as  regards  Man,  I  do  not  think  that 
Mr.  Mivart's  argument  is  any  more  satisfactorily  established 
by  fact.  It  is  no  doubt  true  that  "  the  more  instinctive  are  a 
man's  actions  the  less  are  they  rational,  and  vice  versd;"  but 
this,  again,  is  no  more  than  we  should  expect,  on  the  hypo- 
thesis of  human  instincts  being  due  to  hereditary  experience, 
while  processes  of  conscious  inference  are  chiefly  due  to  indi- 
vidual experience.  It  thus  happens  that  the  instinctive 
actions  preponderate  over  the  intelligent  actions  during 
infancy,  and  that  the  scale  begins  to  turn  during  childhoocL 
But  in  all  this  there  is  nothing  to  show  that  the  two  are 
distinct  in  kind ;  and  in  subsequent  life  their  ^neric  identity 
is  shown  by  the  fact  that  the  principle  of  lapsmg  intelligence 
mav  cause,  even  in  the  experience  of  the  individual,  actions 
which  are  at  first  consciously  adaptive  or  rational  to  become 
by  repetition  automatic  or  instinctive. 

To  what  misconception,  then,  are  we  to  ascribe  the  very 
prevalent  doctrine  that  Beason  is  the  special  prerogative  of 
Man  ?  I  think  the  misconception  arises  from  an  erroneous 
meaning  which  is  attached  to  the  word  Beason.  Mr.  Mivart,  for 
instance,  habitually  follows  the  traditional  usage  and  invests 
the  word  with  the  meaning  that  belongs  to  self-conscious 
Thought.    Thus  he  expressly  says  that  in  denying  Beason  to 

*  Of.  P<meh0t,  "  L'lmtinet  eh«»  If  InMet0»,"  in  S«9.  du  D»u»  Monde*, 
Teb.  1870,  p.  690. 
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brutes  all  he  maintains  is  that  "  they  have  not  the  power  of 
forming  judgments;"*  that  is,  in  his  own  definition  of  a 
judgment,  the  power  of  reflective  or  self-conscious  Thought. 
In  my  sulDsequent  work  I  shaU  have  much  to  say  upon  the 
psychology  of  Judgment ;  but  here  it  is  enough  to  observe 
that  I  hold  the  power  of  reflective  thought,  which  the  forma- 
tion of  a  judgment  implies,  to  constitute  no  essential  part  of 
a  process  of  reason  as  such,  although  when  present  it  unques- 
tionably afibrds  that  process  much  new  material  with  which  to 
be  concerned.  As  I  have  said,  I  regard  reasoning  to  be  a  process 
of  consciously  inferring,  and  therefore  conclude  that  it  should 
make  no  difference  to  our  classification  of  the  rational  faculty 
whether  the  subject  matter  on  which  it  may  happen  to  be 
exercised  has  reference  to  the  sphere  of  feeling  or  to  that  of 
thought.  And,  as  Mr.  Mivart  allows  that  animals  perform 
"  practical  inferences,"  I  further  conclude  that  my  difference 
with  the  school  which  he  represents  has  reference,  so  far,  only 
to  a  matter  of  terminology.  There  is,  without  question,  some 
enormous  distinction  between  the  psychology  of  man  and 
that  of  the  lower  animals,  and  hereafter  I  shall  have  to 
consider  at  much  length  what  this  distinction  is.  Here  I 
am  only  concerned  with  showing  that  it  does  not  consist  in 
animals  having  no  vestige  of  the  faculty  of  Reason  in  the 
sense  above  defined.  And,  in  order  to  show  this,  I  feel,  as  I 
liave  already  remarked,  that  it  would  be  superfluous  to  render 
specific  instances  of  the  display  of  animal  reason ;  for  they 
liave  already  been  given  in  such  abundance  in  my  former 
work. 

"  Ib  not  the  earth 
With  Tsriou*  living  creatures,  and  the  air 
KeplenithedP    ....    know'st  thou  not 
Their  huiguage  and  their  ways  P    They  idto  know 
And  reason  not  contemptibly."— Miltok. 


«.        *  Lmaofufnm  Ifatnfe,  p.  217. 
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CHAPTER  XX 

Animal  Emotions,  and  Summary  of  Intellectual 

Faculties. 


It  will  be  observed  on  turning  to  the  diagram  that  I  attribute 
to  animals  the  following  emotions,  which  I  name  in  the 
probable  order  of  their  historical  development: — Surprise, 
Fear,  Sexual  and  Parental  Affection,  Social  Feelings,  Pug- 
nacity, Industry,  Curiosity,  Jealousy,  Anger,  Play,  Affection, 
Sympathy,  Emulation,  Pride,  Eesentment,  iEstlietic  Love 
of  Ornament,  Terror,  Grief,  Hate,  Cruelty,  Benevolence, 
Revenge,  Rage,  Shame,  Remorse,  Deceit,  Ludicrous.  This  list, 
which  leaves  many  of  the  human  emotions  without  men- 
tion, exhausts  all  the  emotions  of  which  I  have  found  any 
evidence  in  the  psychology  of  animals.  Before  presenting 
this  evidence  in  detail,  perhaps  it  will  not  be  thought 
^superfluous  again  to  insist  th&t  in  attributing  this  and 
that  emotion  to  such  and  such  an  animal,  we  can  depend 
only  upon  inference  drawn  from  actions,  and  that  this 
inference  necessarily  becomes  of  less  and  less  validity  as  we 
pass  through  the  animal  kingdom  to  organisms  less  and  less 
like  our  own ;  so  that,  for  instance, "  when  we  get  as  low 
down  as  the  insects,  I  think  the  most  we  can  oonfidentlv 
assert  is,  that  the  known  facts  of  human  psychology  fumisn 
the  best  available  pattern  of  the  probable  facts  of  insect 
psychology."*  Still,  as  the  known  facts  of  human  psychology 
do  furnish  the  best  available  pattern,  we  must  here,  whue 
treating  of  the  emotional  faculties,  follow  the  same  method 
which  we  have  hitherto  followed  while  treating  of  the  intel- 
lectual faculties — ^viz.,  while  having  full  regard  to  the  pro- 
gressive weakening  of  the  analogy  from  numan  to  brute 
psychology  as  we  recede  through  the  animal  kingdom  down- 
wards fh)m  man,  nevertheless  using  the  analogy  so  far  as  it 
goes  as  the  only  instrument  of  analysis  that  we  possess. 

*  Animal  I»t$Uifi»tut,  pp.  9-10,  when  see  for  a  more  full  diaouiaioo  of 
this  point. 
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I  shall  now  proceed,  as  briefly  as  possible,  to  render  the- 
evidence  which  has  induced  me  to  ascribe  each  of  the  above- 
named  emotions  to  animals,  and  remembering  that  I  have  in 
each  case  written  the  emotion  upon  the  diagram  at  the  level 
of  mental  evolution  where  I  have  foimd  the  earliest  evidence 
of  its  occurrence,  it  follows  that  in  the  majority  of  cases  the 
emotion  is  present  in  the  higher  levels  of  mental  evolution 
in  a  more  Mghly-developed  form. 

It  will  be  observed  that  in  the  diagram  I  represent  the 
Emotions  as  a  class  to  take  their  origin  from  the  growing 
structure  of  mind  at  the  same  level  as  that  at  wmch  th& 
faculty  of  Perception  takes  its  origin.  I  do  this  because  I 
think  that  as  soon  as  an  animal  or  a  young  child  is  able  to 
perceive  its  sensations,  it  must  be  able  to  perceive  pleasures 
and  pains ;  hence,  when  the  antecedents  of  a  painful  percep- 
tion recur  in  consciousness,  the  animal  or  child  must  anticipate 
the  recurrence  of  that  perception — must  suffer  an  ideal 
representation  of  the  pains,  and  such  suffering  is  Fear.  And 
that,  as  a  matter  of  fact,  Fear  of  this  low  or  vague  order  is- 
muiifested  at  about  the  second  or  third  week  of  infancy,  is 
the  general  opinion  of  those  who  have  most  carefully 
observed  the  development  of  infant  psychology.*  To  specify 
the  class  in  the  animal  kingdom  where  a  true  emotion  of 
Fear  first  arises  is  clearly  a  more  difi&cult  matter,  and  indeed 
it  is  impossible  to  do  so  in  the  absence  of  any  definite  know- 
ledge as  to  the  dass  in  which  Perception  first  arises.  But  while, 
as  previously  explained,  I  am  not  able  to  say  whether  or  not 
the  Ocelenterata,  and  still  less  the  Echinodermata,  are  able  ta 
perceive  their  sensations,  I  think  the  evidence  becomes  venr 
strong  in  the  case  of  insect  Larvee  and  Worms.  And  that  both 
the  one  and  the  other  manifest  striking  symptoms  of  alann 
in  the  presence  of  danger  may  be  easily  shown.  For  instance,, 
a  few  months  ago  I  had  an  opportunity  of  observing  the 
habits  of  the  processional  caterpillar  mentioned  in  "Animal 
Intelligenoe."T    Wishing  to  ascertain  whether  I  could  artifi- 

*  8m  Prvrar,  loe.  eit. 

1  "Bp.  S88-40.  It  «i!l  be  Men  on  nfenins  to  thia  PMMgs  that  D» 
yiluim  aooouas  dillsn  materially  from  thet  of  Ifr.  DaTU.  For  m  mvi  that» 
on  remoiinf;  one  of  the  chain  of  oaterpillan,  the  whole  chain  etopped  imme* 
diatelj  with  one  oonMnt,  like  a  tingle  organinn.  Mr.  Darie  on  the  other 
hand  Mid  that  the  information  wm  communicated  from  caterpillar  to  oater^ 
pillar  at  the  rate  of  aomewhat  Icm  than  a  eeoond  per  caterpillar.  On  repMt- 
tag  thfa  obMrration  a  great  nnmber  of  timM,  I  eould  obtain  no  wrrohomtion 
«t  aU  of  De  Tillkn'  etatement,  while  I  found  that  of  Mr.  Darie  to  be  oorrMt 
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cially  imitate  the  stimulus  which  the  head  of  one  cateipillar 
supplied  to  the  tail  of  the  next  in  the  series  (and  which 
serves  to  let  the  latter  known  that  the  series  is  not  inter- 
rupted), I  removed  the  last  member  of  the  series.  As  always 
happens  when  this  is  done,  the  next  member  stopped,  then 
the  next,  and  the  next,  and  so  on,  till  the  whole  series  were  at 
a  halt.  If  I  had  now  replaced  the  last  member  with  its  head 
touching  the  tail  of  the  penultimate  member,  the  latter  would 
again  have  b^un  to  move,  then  the  next,  and  the  next,  and 
so  on,  till  the  whole  series  would  again  have  been  in  motion. 
Instead  of  doing  this,  however,  I  took  a  camel-hair  brush  and 
gently  brushed  the  tail  of  the  then  last  member.  Imme- 
diately this  member  again  began  to  move,  and  so  set  the 
whole  train  again  upon  the  march.  But  in  order  that  the 
inarch  should  continue,  it  was  necessary  that  I  should  con- 
tinue brushing  the  tail  of  the  last  member.  Now  I  found 
that  if  I  brushed  in  the  least  degree  too  hard,  so  as  not  su£&- 
ciently  well  to  imitate  the  stimulus  supplied  by  the  hairy 
head  of  a  caterpillar,  the  animal  became  alarmed  and  threw 
itself  upon  its  side  in  the  form  of  a  coiL  I  therefore  tried 
the  experiment  of  puzzling  the  animal,  by  first  brushing  its 
tail  gently  for  a  considerame  time — so  tiiat  it  should  have  no 
reason  to  doubt,  as  it  were,  that  I  was  a  caterpillar — and 
then  beginning  by  degrees  to  brush  it  more  and  more  strongly. 
I  could  then  see  that  a  point  came  at  which  the  animal  was 
puzzled,  so  that  it  hesitr^ed  whether  to  go  on  or  to  throw 
itself  upon  its  side.  It  appeared  to  me  that  at  this  point  the 
animal  began  to  become  alarmed ;  for  the  brushing  was  still 
exceeding^  gentle,  so  that  if  the  animal  were  actuated  only^ 
by  a  pure  renex  mechanism,  I  should  not  have  expected  so 
infinitesimdly  small  a  difference  in  the  amount  of  stimula- 
tion to  produce  so  great  a  difference  in  the  nature  of  tho 
response. 

in  all  partioulAn.  I  am  likewise  able  to  oonflnn  all  the  other  pointe  in  hi* 
aocount  of  the  remarkable  habite  of  these  lanr*.  I  may  add  that  at  soon  a» 
a  member  of  a  nofing  chain  it  remored,  the  next  member  in  adrance  not 
onlr  ttope,  but  begins  to  wag  its  head  in  a  peculiar  manner  from  side  to  side. 
Thu  peniaps  may  serre  as  a  signal  to  the  next  member  to  stop ;  but,  howerer 
thb  may  be,  as  soon  as  the  next  one  does  stop,  it  also  begins  to  wag  its  head 
in  the  same  manner,  and  so  on  till  all  the  caterpillars  in  adTanoe  of  the 
interruption  are  stonding  still  and  wagginc  their  heads.  And  they  all 
continue  without  interruption  thus  to  wag  their  heads  until  the  procession 
again  begins  to  more.  I  have  nerer  seen  this  peculiar  morement  performed 
exoqpt  undtr  these  droumstanoes. 
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Again  as  regards  Worms,  Mr.  Darwin  has  shown  in  his 
work  on  the  I^h-worm  that  this  animal  is  of  a  "timid" 
disposition,  darting  into  its  hurrow  "like  a  rahhit"  when 
alaxmed.  Probably  other  kinds  of  worms,  which  are  better 
provided  with  organs  of  special  sense  and  consequently  have 
more  intelligence,  may  have  more  emotion. 

With  reference  to  young  children,  Preyer  is  of  the  opinion 
that  the  earliest  emotion  is  one  of  surprise  or  astonishment 
upon  perceiving  any  change,  or  strikingly  novel  feature,  in  the 
environment  In  deference  to  his  opinion,  therefore,  I  have 
placed  Surprise  upon  the  same  level  of  emotional  develop- 
ment as  Fear ;  but  of  course  in  both  cases  this  level  is  so 
low  that  it  is  but  the  germs  of  such  emotions  that  are  here 
supposed  to  be  present. 

This  earliest  stage  of  emotional  development  (18)  I  have 
made  to  correspond  with  "  Emotions  preservative  of  Self." 
The  next  stage  (19)  I  make  to  coincide  with  the  origin  of 
""  Emotions  preservative  of  Species ; "  and  of  these  the  first 
to  appear  are  the  Sexual  In  the  animal  kingdom— or 
rather  let  u'i  say  in  the  psychological  scale — ^these  emotions 
are  first  unequivocally  exhibited  by  the  Mollusca,*  which  on 
this  account,  as  well  as  for  the  reasons  given  while  treating 
of  the  association  of  ideas,  I  have  made  to  fill  the  corre- 
sponding level  on  the  other  side  of  the  diagram. 

The  next  level  (20)  is  occupied  by  Parental  Affection,  Social 
Feelings,  Pugnacity,  Emotions  conducing  to  Sexual  Selection, 
Industoy,  and  Curiosity.  The  level,  therefore,  corresponds 
with  the  origin  of  the  branch  marked  Social  Emotions  in  the 
central  psychological  tree,  and  with  the  earliest  Becognitioii 
of  Offspring  on  the  side  of  the  intellectual  faculties.  The 
■animals  which  first  satisfy  all  these  conditions  are  the  Insects 
and  Spiders.t  For  here,  even  if  we  exclude  the  Hymenoptera, 
we  have  evidence  of  parental  affection  in  the  care  whidi 
spiders,  earwigs,  and  sundry  other  insects  take  of  their  eggs 
and  bTOods.t  Again,  numberless  species  of  insects  are  highly 
social  in  their  habits;  others  are  highly  p^ipacious;  some 
are  conspicuously  industrious  ;|  most  flying  msects  (as  we 
have  already  seen  in  Chapter  XVIII)  display  curiosity ;  and, 
according  to  Mr.  Darwin's  elaborate  enquiries,  it  is  also  in 

*  8m  Animal  InUUigenee,  p.  26. 

t  For  nmarkable  instanoM  of  thii  lee  iHd..  p.  206  uid  p.  229. 

X  Ihid.,  pp.  2att-a. 
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this  class  that  we  find  the  earliest  evidence  of  sexual  selec- 
tion. 

Coming  now  to  level  21, 1  have  assigned  to  it  the  first 
appearance  of  the  emotions  of  Jealousy,  Anger,  and  Play, 
which  unquestionably  occur  in  Fish.*  On  level  23  I  have 
placed  the  dawn  of  Affection  other  than  sexualji'in  view 
of  the  evidence  of  the  emotional  attachment  of  a  python 
which  was  exhibited  towards  those  who  had  kept  it  as  a 
pet.t 

On  level  24  I  have  placed  the  dawn  of  Sympathy,  seeing 
that  this  emotion  appears  to  be  unquestionably,  though  very 
fitfully,  displayed  by  the  H3rmenoptera,t  which  for  other 
reasons  I  have  felt  obliged  to  assign  to  this  comparatively 
high  stage  of  psychological  development. 

On  the  next  level  (25)  I  have  given  Emulation,  Pride, 
Besentment,  .^thetic  Ix)ve  of  Ornament,  and  Terror  as  dis- 
tinguished from  Fear.  All  these  emotions,  so  far  as  I  have 
been  able  to  ascertain,  first  occur  in  Birds;  and  in  this 
class  some  of  the  emotions  which  I  have  already  named  as 
occurring  in  lower  classes,  are  much  more  highly  developed.§ 

Next  we  arrive  at  Grief,  Hate,  Cruelty,  and  Benevolence, 
as  first  displayed  in  some  of  the  more  intelligent  of  the  Mam- 
malia. Grief  is  shown  by  pining,  even  to  death,  upon  the 
removal  of  a  favourite  master  or  companion ;  Hate  by  per- 
sisting resentment ;  Cruelty  by  a  cat's  treatment  of  a  mouse  ;|| 
and  Benevolence  by  the  foUowing  instances  which  I  have 
met  with  since  the  publication  of  "  Animal  Intelligence." 
Writing  of  a  domestic  cat,  Mr.  Oswald  Fitch  says  that  it 
''  was  observed  to  take  out  some  fish-bones  from  the  house  to 
the  garden,  and,  being  followed,  was  seen  to  have  placed  them 
in  front  of  a  miserably  thin  and  evidently  hungry  stranger 
cat,  who  was  devouring  them ;  not  satisfied  with  that,  our  cat 
returned,  procured  a  fresh  supply,  and  repeated  its  charitable 
offer,  which  was  apparently  as  gratefully  accepted.  This  act 
of  benevolence  over,  our  cat  returned  to  its  customary  dining- 
place,  the  scuUeiy,  and  ate  its  own  dinner  off  the  remainder 

*  8«e  Animal  Intelligemie,  pp.  242-47. 

t  im.,  pp.  261-2. 

i  IM.t  pp.  48-0  and  p.  166. 

I  lUd.,  pp.  270-82.     Birds  are  the  lowest  animals  whioV  I  bare  myself 
soen,  or  have  ueard  of  others  having  seen,  to  die  of  fright. 

II  For  instances  of  all  these  facts  in  Mammals  other  than  Elephants, 
Dogs  or  Monkeys,  see  Animal  InMUgtnet.  , 
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of  the  bones."*  An  almost  precisely  similar  case  has  been 
independentlj  commmiicated  to  me  by  Dr.  Allen  Thomson, 
F.RS.  The  only  difference  was  that  Dr.  Thomson's  cat  drew 
the  attention  of  the  cook  to  the  famishing  stranger  outside  by 
pulling  her  dress  and  leading  her  to  the  place.  When  the 
cook  supplied  the  hungry  cat  with  some  food,  the  other  one 
paraded  round  and  round  while  the  meal  was  being  discussed, 
purring  loudly.  One  further  instance  of  the  display  of  bene- 
volent feeling  by  a  cat  will  suffice.  Mr.  H.  A.  Macpherson 
writes  me  that  in  1876  he  had  v  old  male  cat  and  a  kitten 
aged  a  few  months.  The  cat,  who  had  long  been  a  favourite, 
was  jealous  of  the  kitten  and  "  showed  considerable  aversion 
to  it"  One  day  the  floor  of  a  room  in  the  basement  of  the 
house  was  partly  taken  up  in  order  to  repair  some  pipes.  The 
day  after  the  boards  had  been  replaced,  the  cat  "  entered  the 
kitchen  (he  lived  almost  wholly  on  the  drawing-room  floor 
above),  rubbed  against  the  cook  and  mewed  without  ceasing 
until  he  had  en^iged  her  attention.  He  then,  by  running  to 
and  fro,  drew  her  to  the  room  in  which  the  work  had  taken 
place.  The  servant  was  puzzled  until  she  heard  a  faint  mew 
from  beneath  her  feet  On  the  boards  being  lifted  the  kitten 
emerged  safe  and  sound,  though  half-starved.  The  cat  watched 
the  proceedings  with  the  greatest  interest  until  the  kitten  was 
released ;  but  on  ascertaining  that  it  was  safe  he  at  once  left 
the  room,  vdthout  evincing  any  pleasure  at  its  return.  Nor 
did  he  subsequently  become  really  friendly  with  it" 

On  the  next  level  I  have  placed  Revenge  as  distinguished 
from  Eesentment,  md  Rage,  as  distinguished  from  Anger. 
In  "  Animal  Intdli^nce  I  give  some  cases  of  apparent 
vindictiveness  occurring  in  birds  ;t  but  as  the  exact  nature  of 
the  emotions  in  these  cases  appears  to  me  somewhat  doubtfid, 
I  here  disr^;ard  them,  and  place  Revenge  on  the  psycholo> 
^cal  level  which  is  occupied  by  the  Elephant  and  Monk<^, 
m  which  animals  this  passion  is  very  conspicuous.}  The 
same  remarks  apply  to  Rage,  as  distinguished  from  the  less 
violent  display  of  hostile  feeUng  which  is  suitably  expressed 
by  the  term  Anger. 

Lastlv,  at  level  28  we  arrive  at  the  highest  (products  of 
emotional  devdopment  which  are  manifested  in  animal 
psychology,  and  therefore  at  the  highest  of  those  producta 

•  Jfaimrt,  April  19, 1888,  p.  680.  f  Pp.  877-8. 

X  Amm*a  ImtMigtmee,  pp.  887-8  and  478. 
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with  which  the  present  treatise  is  concerned.  These  are 
Shame,  Eemorse,  Deceit,  and  the  Emotion  of  the  Ludicrous. 
For  instances  of  the  display  of  these  emotions  by  Dogs  and 
Apes,  I  need  merely  again  refer  to  "  Animal  Intelligence."* 

In  this  brief  sketch  of  the  emotional  faculties  as  they 
occur  in  the  animal  kingdom,  my  aim  has  been  to  give  a 
generic  rather  than  a  specific  representation.  I  have  there- 
fore omitted  all  details  of  the  emotional  character  of  this  and 
that  particular  animal,  as  well  as  the  narration  of  particular 
instances  of  the  display  of  emotions.  Such  details  and  par- 
ticular instances  will  be  found  in  sufficient  abundance  in  my 
previous  work,  and  it  seems  undesirable,  for  the  larger  purpose 
now  in  hand,  either  to  repeat  what  I  have  said  before,  or  to 
burden  the  discussion  with  additional  facts  serving  only  to 
corroborate  the  general  assignment  of  levels  which  I  have 
now  given. 

Before  concluding  the  present  chapter,  and  with  it  the 
present  work,  I  shall  give  a  similar  outline  sketch  of  the 
assignment  of  levels  on  the  other  and  corresponding  side  of 
the  diagram,  which  serves  to  show  the  probable  huitory  of 
mental  evolution  so  far  as  the  faculties  of  intellect  are  con- 
cerned. This,  of  course,  has  already  been  done  throughout 
the  course  of  all  the  preceding  pages ;  but  I  think  it  desirable 
to  terminate  our  analysis  of  the  psychology  of  animals,  by 
briefly  stating  in  a  serial  form  the  reasons  which  have  induced 
me  to  assign  the  various  classes  of  animals  to  the  levels  of 
psychological  development  in  which  I  have  respectively 
placed  them.  It  is  only  needful  to  premise  that  in  consider- 
ing this  side  of  the  diagram  I  shall  not  at  present  wait  to 
treat  of  the  column  which  has  to  do  with  the  psycho- 
genesis  of  the  child,  for  this  will  require  to  be  treated  ah 
initio  in  my  work  on  Mental  Evolution  in  Man.  I  may 
farther  observe  that  the  sundry  psychological  faculties  which 
I  have  written  on  one  of  the  vertical  columns  are  intended  as 
so  many  indices  of  mental  evolution,  and  not  as  exhausting 
all  the  distinctions  between  one  level  of  such  evolution  and 
another.  Indeed,  looking  to  the  fact  that  our  classification  of 
Acuities  is  conventional  rather  than  natural,  we  cannot  expect 
that  any  diagrammatic  representation  of  the  order  in  which 
they  have  been  developed  should  admit  of  being  made  very 

•  Pp.  488-46,  and  471-78 ;  also  484-88. 
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precise;  for  in  some  existing  animals  certain  faculties  are 
more  highly  developed  than  they  are  in  other  existing 
animals,  which  nevertheless  with  regard  to  their  general 
psychology  occupy  a  higher  level  of  mental  evolution.  There- 
fore the  Acuities  which  I  have  named  in  the  vertical  column 
have  been  chosen  only  because  they  serve  as  convenient 
indices  to  mark  the  general  upward  progress  of  mental  evolu- 
tion in  the  animal  kingdom. 

I  have  already  sufficiently  expressed  my  doubt  as  to  the 
levels  at  which  all  animals  below  the  Articulata  should  be 
placed,  and  I  have  explained  that  this  doubt  arises  from  the 
difficulty,  or  rather  the  impossibility  of  ascertaining  at  what 
grade  of  psychological  evolution  consciousness  firat  occurs. 
The  positions,  therefore,  which  I  have  assigned  to  the  Coelen- 
t«rata  and  Echinodermata  are  confessedly  arbitrary,  and  have 
been  determined  only  because  I  have  not  been  able  to  observe 
that  these  animals  give  any  unmistakable  evidence  of  percep- 
tion as  distinguished  from  sensation.  This  remark  applies 
especially  to  the  Coelenterata,  which  in  my  opinion  present 
no  semblance  of  evidence  that  any  of  their  responsive  move- 
ments are  of  a  perceptive,  or  even  of  a  conscious  nature.  My 
judgment  with  respect  to  the  Echinodermata  is  less  confident, 
for  although  I  am  sure  that  I  am  right  in  placing  them  on  a 
higher  level  of  sensuous  capability  than  the  Ckelenterata,  I 
am  not  at  all  sure  that  I  ought  not  to  have  placed  them  one 
stage  higher  (i.e.,  on  18  instead  of  17),  so  as  to  have 
brought  them  within  the  first  rise  of  perception.  For  the 
*'  acrobatic "  and  "  righting "  movements  which  are  per- 
formed by  these  animals,  and  which  I  have  described  elsewhere, 
are,  to  say  the  least,  strongly  suggestive  of  true  powers  of 
perception.  It  is,  therefore,  on  the  principle  of  preferring  to 
err  on  the  side  of  safety  that  I  have  placed  the  Echinc^er- 
mata  on  level  17  and  not  on  level  18.  That  I  am  justified 
in  attributing  to  these  animals  faint  powers  of  memory  (as 
distinguished  from  the  association  of  ideas)  may,  I  think,  be 
shown  by  the  fact  that  when  a  star-fish  is  crawlmg  along  the 
perpendicular  wall  of  a  tank  at  the  level  of  the  siuface  of  the 
water,  it  every  now  and  then  throws  back  its  rays  to  feel  for 
other  surfaces  of  attachment,  and  if  it  does  not  succeed  in 
finding  such  a  surface,  it  again  applies  its  rays  to  crawling 
along  the  side  of  the  tank  in  the  same  direction  as  before,  in 
order  that  it  may  again  and  again  repeat  the  manoeuvre  in 


EMOTIONS. 


349 


different  localities.  Now,  as  this  manoeuvre  requires  a  long 
time  to  execute,  I  think  the  fact  that  after  it  has  been 
executed  the  animal  continues  its  advance  in  the  same  direc- 
tion as  that  in  which  it  was  crawling  before  the  manoeuvre 
began,  constitutes  tolerable  evidence  in  favour  of  an  abiding 
impression  upon  the  nerve-centres  concerned,  and  one  which 
assuredly  is  not  due  to  any  oi'ganically  imposed  conditions, 
seein^^  that  on  no  two  occasions  is  the  manoeuvre  performed 
in  exactly  the  same  way,  or  even  at  the  same  intervals  of 
time. 

On  the  next  level  I  have  placed  Larvae  of  Insects  and 
Annelida.  My  reason  for  doing  so  is  that  both  these  classes 
of  organisms  unquestionably  'axhibit  instincts  of  the  primary 
kind,*  the  origin  of  which  is  also  assigned  to  this  leveL  In 
both  cases,  however,  we  meet  with  certain  facts  which  may 
justly  lead  us  to  question  whether  iu  these  animals  i'ltelli- 
gence  of  a  higher  order  may  not  be  present  ;t  but  here  again 
I  think  it  is  better  to  err  on  the  safer  side. 

It  is  in  the  Mollusca  that  we  first  undoubtedly  meet  with 
a  demonstrable  power  of  learning  by  individual  experience,^ 
and  therefore  I  have  placed  this  class  of  animals  upon  the 
next  level,  which  is  occupied  by  the  first  appearance  of  the 
power  of  association  by  contiguity.  Of  course,  if  the  account 
given  by  Mr.  Lonsdale  to  Mr.  Darwin  of  the  pair  of  land- 
snails§  were  ever  to  be  corroborated  by  further  observations, 
the  Oasteropoda  would  require  to  be  separated  from  the 
other  Mollusca  and  placed  on  a  higher  level  in  the  diagram, 
as  I  have  done  in  the  case  of  the  Cephalopoda. 

Next  we  come  to  Insects  and  Spiders  on  a  level  with  the 
first  Recognition  of  0£fspring  and  the  rise  of  Secondary 
Instincts.  The  evidence  that  both  these  faculties  occur  in 
both  these  divisions  of  the  Articulata  is  unquestionable — 
and  this  even  when  the  Hymenoptera  are  removed  for 
separate  psychological  classification.ll 

Fish  and  Batrachia  are  assigned  to  the  next  level  which 
corresponds  with  the  rise  of  Association  by  Similarity,  which 
I  think  we  are  justified  in  first  ascribing  to  these  ammals.i^ 

On  level  22  I  have  written  the  higher  Crustacea.     I 

•  See  Animal  IntMigenee,  284-40,  and  24. 

t  Ibid.,  and  Mr.  Darwin's  work  on  JFormt. 

X  Ibid.,  pp.  26-9.  §  Ibid.,  p.  27. 

II  Ibid.,  pp.  207-222,  and  226-81.        1  Ibid.,  pp.  260*-!,  and  256. 
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have  done  so  because  this  is  the  stage  where,  from  inde- 
pendent considerations  already  explained,  I  have  assigned 
the  dawn  of  Reason  (as  distinguished  from  Inference),  and 
the  lowest  animal  psychologically  considered  in  which  I 
have  found  any  evidence  of  this  faculty  is  the  crab.* 

Next  T'e  come  to  level  23  where  I  have  placed  the 
Beptiles  and  Cephalopoda;  My  reason  for  so  doing  is  that 
this  is  the  level  where  I  have  represented  psydaological 
development  to  have  advanced  sufficiently  far  to  admit  of 
the  recognition  of  persons,  and  this  degree  of  advance  has 
undoubtedly  been  attained  by  the  Beptiles  and  the  Cephalo- 
poda.! It  will  be  observed  that  I  have  bracketed  this  and 
the  two  preceding  levels  together.  My  reason  for  doing  so 
is  that  the  animals  and  the  faculties  named  upon  these  levels 
in  some  d^ree  overlap.  Thus  the  Batrachia  are  able  to 
recognize  persons,!  and  it  is  possible  that  Fish  may  be  able 
to  reason,!  while,  on  the  other  hand,  the  Reptiles  and  Cepha- 
lopoda are  not  in  their  general  psychol(^  so  far  above 
the  Batrachia  and  Fish  as  would  be  impUed  without  the 
bracket ;  yet  I  should  not  be  justified  in  placing  them  (Ul 
upon  the  same  level,  because  I  have  no  such  definite  evidence 
that  Batrachia  and  Fish  are  able  to  reason  as  I  have  in  the 
case  of  Crustacea,  Cephalopoda,  and  Reptiles.  On  the  whole, 
therefore,  I  think  that  the  fairest  mode  of  expressing  these 
various  cross  relations  is  the  one  which  I  have  adopted.  It 
is  not  to  be  expected  that  our  essentially  artificial  mode  of 
distinguishing  between  psychological  faculties  should  so  far 
agree  with  nature,  that  when  applied  to  the  animal  kingdom 
our  classification  of  faculties  should  always  be  found  f>xactly 
to  fit  with  our  classification  of  organisms,  so  that  eveiy 
branch  in  our  psychological  tree  should  precisely  correspond 
with  some  branch  in  our  zoological  tree.  Some  amount  of 
overlapping  must  be  expected,  and  in  thus  comparing  the  one 
classification  with  the  other  my  only  surprise  has  been  how, 
in  a  general  way,  the  two  so  doselv  coincide. 

On  level  24  1  have  placed  the  Hymenoptera,  together 
with  the  distinction  which  I  think  most  sharply  marks  oil'  this 
stage  of  mental  evolution,  i.e.,  the  power  of  communicating 
ideas — a  power  which  auts  and  bees  undoubtedly  posAess.|| 


*  See  Animal  Intelligenee,  p.  288. 
t  Ibid.,  pp.  269,  200-1,  and  80. 
II  IHd.,  pp.  48-67,  Md  106-60. 
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1  Ibid,,  p. 

S  Abid.,  pp.  260-1. 
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Next  we  arrive  at  Birds  with  the  psychological  distinc- 
tion of  recognizing  pictorial  representations,  understanding 
words,  and  dreaming.*  If  any  of  these  faculties  occur  in 
any  of  the  lower  vertebrata,  I  have  not  found  evidence  of 
the  fact. 

To  the  next  level  I  have  a.si>igned  the  Bodents  and  Gami- 
Yora,  with  the  exception  of  the  dog.  The  most  marked 
psychological  distinction  which  I  take  to  mark  this  level  is 
the  understanding  of  mechanisms.  For,  although  I  have 
found  one  instance  of  such  understanding  to  occur  in  Birds,t 
4ind  although  it  likewise  unquestionably  occurs  in  Bumi- 
uants,t  in  neither  case  does  the  understanding  appear  to 
«xten(^  further  than  to  the  simplest  order  of  mechanisms,  and 
therefore  is  only  comparable  in  kind  with  the  much  greater 
aptitude  in  this  respect  which  is  shown  by  rats,§  foxes,|| 
<5ats,T  and  the  wolverine.** 


•  ^iu-mm;  ItUeUigeMie,  pp.  811-12.    f  Ibid.,  p.  816.    t  ^d.,  pp.  388-9. 

I  Ibid.,  p.  861.  II  Ibid.,  pp.  428-81.  IT  Ibid.,  pp.  480-28. 

**  Ibid.,  pp.  848-50. — Sir  James  Paoet  has  told  me  of  a  parrot  which  by 
attenHve  stuaj  learned  how  to  open  a  look ;  but  althoush  such  cases  may 
(H^coaiunally  occur  in  birds,  they  are  so  oomparattTely  rare  that  I  have  thought 
it  best  to  place  the  faculty  of  appreciating  simple  mechanical  appliances  on 
the  next  level,  for  it  is  here  only  that  we  mar  first  be  sure  that  the  actions 
are  not  due  to  mere  association.  A  cat  which  jumps  at  a  thumb-latch,  and 
while  holding  on  to  the  ourred  handle  beneath  with  one  fore*leff,  depresses  the 
thumb*pieoe  with  the  other  and  pushes  the  door>posts  with  the  hind-leg, 
dearly  shows  that  she  has  an  intelligent  appreciation  of  the  facts  that  the 
latch  fastens  the  door,  that  when  it  is  depressed  the  door  will  be  liberated, 
and  that  when  then  pushed  the  door  will  open.  And  if  it  can  still  be  sup- 
posed that  all  this  knowledge  can  be  obtained  by  simple  association,  the.<e 
If  the  yet  more  remarkable  case  of  the  monkey  described  in  Animal  InMK- 
ftenee,  which  by  patient  investigation  discovered  for  himself,  and  without  ever 
having  observed  any  one  perform  a  similar  action,  the  mechanical  principle 
i»f  the  screw,  not  to  say  also  of  the  lever. 

It  is  remarkable,  as  I  observed  in  Animal  InttUi^mee,  that  this  faculty 
of  appreciating  simple  mechanical  appliances  does  not  loom  always  to  stand 
in  any  voiy  precise  or  quantitative  relation  to  the  general  mental  develop* 
ment  of  the  species  which  exhibit  it.  Thus  the  dos  is,  as  to  his  general  in- 
telligence, unquestionabljr  superior  to  the  cat,  and  yet  his  ability  in  the 
])artioula7  we  are  considering  is  certainly  not  so  high  i  while  bovine  animals 
and  horses  seem  to  show  more  cleverness  in  this  respect  than  in  any  other. 
Probably  the  explanation  of  this  apparent  disproportion  in  the  development 
'of  the  psychical  faculties  is  to  be  found  in  the  corporeal  members  which 
minister  to  them ;  the  monkey,  which  shows  the  highest  power  of  appreciating 
mechanical  appliances,  i/>  the  animal  which  is  best  endowed  with  tne  organs 
of  tactual  examination  \  the  fore-paws  of  a  cat  are  better  instruments  in  this 
rospeot  than  those  of  the  dog  t  wnile  the  trunk  of  the  elephant,  the  lips  of 
the  horse,  and  horns  of  ruminants  give  them  in  the  same  respects  an  advantage 
over  most  other  mammals  of  a  comparable  grade  of  intelligonoe. 
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Next  we  arrive  at  Monkeys  and  the  Elephant,  which,  with 
the  exception  of  the  Anthropoid  Apes,  are  the  only  animals 
that,  so  far  as  I  have  been  able  to  ascertain,  make  use  of 
tools.* 

Lastly  on  level  28  we  arrive  at  the  highest  development 
of  the  psychical  powers  which  are  to  be  met  with  in  existing 
animals,  and  to  this  level  I  have  assigned  the  Anthropoid 
Apes  and  Dogs.  The  meaning  of  the  term  "  Indefinite 
Morality,"  which  I  give  as  distinctive  of  this  grade  of 
mental  evolution,  I  shall  explain  in  my  next  work,  when  I 
sliall  have  to  discuss  the  question  touching  the  probable 
genesis  of  the  moral  sense.  It  is,  I  think,  undesirable  to 
divide  this  discussion,  and  therefore  I  prefer  to  postpone  the 
consideration  of  this  which  I  take  to  be  the  earliest  phase  in 
the  development  of  the  faculty  of  Conscience.  And  for  the 
same  reason  I  shall  postpone  my  analysis  of  the  lower  stages 
of  Abstraction  and  Volition,  both  of  which  are  crossed  by 
the  level  which  we  have  now  reached,  where  our  enquiry 
into  the  Mental  Evolution  of  Animals  comes  to  an  end. 

•  Animal  IiUtlligenee,  pp.  406  9  and  480-94. 
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[The  full  text  of  u  pait  of  Mr.  Darwin's  chapter  on 
Instinct  written  for  the  "  Origin  of  Species,"  but  afterwards 
suppressed  for  the  sake  of  condensation.] 


Miffi'atimi. — The  migration  of  young  bii-ds  across  broail 
tracts  oi'  the  sea,  and  t'uo  migration  of  young  salmon  from 
fresh  into  salt  water,  and  the  return  of  both  to  their  birth- 
places, have  often  l^een  justly  advanced  as  surprising  in- 
stincts. With  respect  to  the  two  main  points  wliiuh  concern 
us,  we  have,  firstly,  in  different  breeds  of  birds  a  perfect 
series  from  those  which  occasionally  ur  regularly  shift  their 
quarters  within  the  same  country  to  those  which  periodically 
pass  to  far  distant  countries,  traversing,  often  by  night,  the 
open  sea  over  spaces  of  from  240  to  300  utiles,  as  from  tht; 
north-eastern  shores  of  Britain  to  Southern  Scandinavia. 
Secondly,  in  regard  to  the  variability  of  the  migratory 
instinct,  the  very  same  species  often  migrates  in  one  country 
and  is  stationary  in  another ;  or  ditl'erunt  individuals  of  the 
same  species  in  the  same  country  are  migratory  or  stationary, 
and  these  can  sometimes  be  distinguished  from  one  another 
by  slight  differences.*  Dr.  Andrew  Smith  has  often  ro- 
maiked  to  me  how  inveterate  is  the  instinct  of  migration  in 
some  quadrupeds  of  S.  Africa*  notwithstanding  the  peraecu- 
iioii  to  which  they  are  in  consequence  subjected :  in  N. 
America,  however,  persecution  has  driven  the  Bull'alo  within 

*  Mr.  Gkiuld  haa  ubHiTvcd  tint  fact  in  Malta,  and  in  Tuiinuinia  in  tli«> 
■outhern  hvmiaphero.  licchiitvin  (Stubenvdffel,  1840,  »,  293)  Days  that  in 
Germany  the  mtgratorv  anil  non-nngrutory  TJiruihoa  (san  ha  diatinguiihod  by 
tho  Tellow  tinge  of  tuo  hoIo*  of  their  feet.  The  Quail  i»  migratory  in 
S.  Africa,  but  stAtionarv  in  Robin  Iitland,  only  two  leaguoa  from  tho  con* 
tinent  {Le  Vailtant't  Travel*,  vol.  i,  p.  105)  i  Dr.  Androw  Hmith  oonflnn« 
this.  In  Ireland  tho  Quail  hut  lutoly  t^ikun  to  mmain  in  numbon  to  brotil 
there  (W.  Thompwu,  Nat.  Hint,  of  Ireland,  vide  "  «inl«,"  vol.  ii.  \».  70). 

z  2 


if 


rt 


!: 


i$ 


sne 


MENTAL  EVOLUTION  IN  ANIMALS. 


u  late  periotl*  to  cross  in  its  migrations  the  Rocky  Moun- 
tains ;  and  those  "  great  highways,  continuous  for  a  hundred 
miles,  always  several  inches,  sometimes  several  feet  in 
depth,"  worn  by  migrating  buffaloes  on  tlie  eastern  plains, 
are  never  found  westward  of  the  Rocky  Mountains.  In  the 
United  States,  swallows  and  other  birds  have  largely  ex- 
tended, within  quite  a  late  period,  the  range  of  their  migra- 

tions-t 

The  migratory  instinct  in  Birds  is  occasionally  lost ;  as 
in  the  case  of  the  Wootlcock,  some  of  which  have  totally, 
without  any  assignable  cause,  taken  to  ])reed  and  become 
stationary  in  Scotland.^  In  Madeira  the  first  arrival  of  the 
Woodcock  is  known,§  and  it  is  not  there  migratory ;  nor  is 
our  common  Swift,  though  belonging  to  a  group  of  birds 
almost  emblematical  of  migration.  A  Bren.t  Goose,  which 
had  been  wounded,  lived  for  nineteen  years  in  confinement ; 
and  for  about  the  first  twelve  years,  every  spring  at  the 
migratory  period  it  became  uneasy,  and  would,  like  other 
confined  individuals  of  the  species,  wander  as  far  northwards 
as  possible ;  but  after  this  period  "  it  ceased  to  exhibit  any 
particular  feeling  at  this  season."||  So  that  we  have  seen 
the  migratory  impulse  at  last  worn  out. 

In  the  migration  of  animals,  the  instinct  which  impels 
them  to  proceed  in  a  certain  direction  ought,  I  think,  to  be 
distinguished  from  the  unknown  means  by  which  they  can 
tell  one  direction  from  another,  and  by  which,  after  starting, 
they  are  enabled  to  keep  their  course  in  a  dark  night  over 
the  ojM'U  sea ;  and  likewise  from  the  means — whether  some 
instindive  association  witli  changing  temperatiire,  or  with 
Wfint  (»f  food,  &c. — which  leads  them  to  start  at  the  proper 
period,     lu  this,  and  other  cases,  the  several  parts  of  t\w 

•  Col.  Frt'moiit,  HipoH  of  Exploriiiff  Expedition,  181-5,  p.  I4i. 

t  Sec  Dr.  Itncliniiiira  cic(>llcnl  inemuir  on  I  his  Bul)joct  in  Sillitnan'it 
PhUoitoph.  .Iiiiini.,  vol.  30,  p.  81. 

X  Mr.  W.  i'hoinpiuiii  liiiM  li'wi'w  iiii  <>xc'i'lh>nt  nnd  full  iiccoiint  of  tliia 
whole  Hiilijwt  (nv  Nti/.  Jliit.  of  freland,  "  liiriU,"  vol.  ii,  \m.  2i7  57),  wlioro 
he  (liM'tisseB  tlii'  mum'.  TIkti-  cccins  iviigoii  to  bc'liovn  (p.  2hi)  flint  tlio 
iniKriklorv  uiul  non-iiiiKriilory  iiuUvidiiiilt  ctiri  hodisliiif^uixliod.  For  Bcotliind 
nee  St,  .l.'.lui*  Wtid  Sportii  'uf  the  Uif/hfaudM,  1840,  p.  220. 

§  Dr.  Uoinckcn  in  Zooloffirn/  Jounnil,  vol.  v,  p.  75.  Hou  nlw)  Mr.  E.  V. 
Iliircourt'i  Skftrk  of  Madeira,  1851,  j).  120. 

II  W.  Thompson,  loc  vH.,  tuI,  iii,  |i.  (CI.  In  Dr.  llaclint.vn'H  ]Nipor  just 
referred  to  euRes  of  Cunudu  ^i>ei<u  in  confinemcMl  periodicully  trying  to  cseupo 
northwanl  are  given. 
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problem  have  often  been  confused  together  under  the  word 
instinct*  With  respect  to  the  period  of  starting,  it  cannot 
of  course  be  memory  in  the  young  cuckoos'  start  for  the  first 
time  two  months  after  their  parents  have  departed :  yet  it 
deserves  notice  that  animals  somehow  acquire  a  surprisingly 
accurate  idea  of  time.  A.  d'Orbigny  shows  that  a  lame 
hawk  in  S.  America  knew  the  period  of  three  weeks,  and 
used  at  this  interval  to  visit  monasteries  when  food  was  dis- 
tributed to  the  poor.  Difficult  though  it  may  be  to  conceive 
how  animals  either  intelligently  or  instinctively  come  to 
know  a  given  period,  yet  we  shall  immediately  see  that  in 
some  cases  our  domestic  animals  have  acquired  an  annual 
recurring  impulse  to  travel,  extremely  like,  if  not  identical 
with,  a  true  migratory  instinct,  and  which  can  hardly  be  due 
to  mere  memory. 

It  is  a  tnie  instinct  which  leads  the  Brent  Goose  to  try  to 
escape  northwards;  but  how  the  bird  distinguishes  north  and 
south  we  know  not.  Nor  do  we  know  how  a  bird  which 
starts  in  the  night,  u  many  do,  to  traverse  the  ocean,  keeps 
its  course  as  if  provided  with  a  compass.  But  we  should  bi; 
very  cautious  in  attributing  to  migi-atory  animals  any 
capacity  in  this  respect  which  we  do  not  ourselves  possess  ;t 
though  certainly  in  them  carried  to  a  wonderful  perfection. 
To  give  one  instance,  the  experienced  navigator  WmngelJ 
expatiates  with  astonishment  on  the  "  unerring  instinct "  of 
the  natives  of  N.  Siberia,  by  which  they  guided  him  through 
an  intricate  labyrinth  of  hummocks  of  ice  with  incessant 
changes  of  direction  ;  while  Wrangel  "  was  watching  the 
different  turns  compass  in  hand  ami  trying  to  reason  the 
true  route,  the  native  had  always  a  perfect  knowledge  of  it 
instinctively."  Moreover,  the  power  in  migmtory  animals  of 
keeping  their  course  is  not  unerring,  as  may  be  inferred  from 

*  See  £.  p.  TlioinpHOii  on  the  Patnont  of  Animalt,  1861,  p.  0;  and 
AliBun'i  retnarkB  on  thia  head  in  the  Ct/dopesdia  of  Anatomy  andPhyiiology, 
ttitielo  "  InBtinct,"  p.  23. 

t  [I  cannot  refrain  from  drawing  attention  to  the  Buiieriority  of  aoiuntiflc 
metliod  and  philosophical  oaution  here  displayed  u«  eontnisted  with  Professor 
Ilicckera  riows  on  the  same  subject,  which  in  presence  of  t  his  difllculty  at  one*' 
conclude  in  favour  of  some  mysterious  additional  sense  (see  p.  95). — G.  J.  B.J 

X  Wrangei'g  TmveU,  Eiip;.  trans.,  |).  14«;.  See  nUo  Sir  G.  GroyV  Jixpe- 
dition  to  Auttralia,  vol.  ii,  ])  72,  for  mterpdting  acouunt  of  the  powers  ol 
the  Australians  in  this  same  n!S|MK:.  The  old  French  missionaries  used  In 
believe  that  the  N.  Americiui  Indians  were  actually  guided  by  instinct  in 
finding  their  way. 
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the  numbers  of  lost  swallows  often  met  with  by  ships  in  the 
Atlantic :  the  migratory  salmon,  also,  often  fails  in  returning 
to  its  own  river,  "  many  Tweed  salmon  being  found  in  the 
Forth."  But  how  a  small  and  tender  bird  coming  from 
Africa  or  Spain,  after  traversing  the  sea,  finds  the  very  same 
hedge-row  in  the  middle  of  England,  where  it  made  its 
nest  last  season,  is  truly  marvellous.* 

Let  us  now  turn  to  our  domesticated  animals.  Many 
cases  are  on  record  of  animals  finding  their  way  home  in  a 
mysterious  manner,  and  it  is  asserted  that  Highland  sheep 
have  actually  swum  over  the  Frith  of  Forth  to  their  home  a 
hundred  miles  distant  ;t  when  bred  for  three  or  four  genera- 
tions in  the  lowlands,  they  retain  their  restless  disposition.  I 
know  of  no  reason  to  doubt  the  minute  account  given  by 
Hogg  of  a  family  of  sheep  which  had  a  Jiereditary  'propensity 
to  return  at  the  breeding  season  to  a  place  ten  miles  off, 
whence  the  first  of  the  lot  had  been  brought ;  and,  after  their 
himbs  were  old  enough,  they  returned  by  themselves  to  the 
place  where  they  usually  lived ;  so  troublesome  was  this  in- 
herited propensity,  associated  with  the  period  of  parturition, 
that  the  owner  was  compelled  to  sell  the  lot.^  Still  more 
interesting  is  the  account  given  by  several  authors  of  certain 
sheep  in  Spain,  which  from  ancient  times  have  annually 
migrated  during  May  from  one  part  of  the  country  to  another 
distant  four  hundred  miles :  all  the  authors§  a^e  that  "  as 
soon  as  April  comes  the  sheep  express,  by  curious  uneasy 
motions,  a  strong  desire  to  return  to  their  summer  habita- 


*  Tho  number  of  birds  wliioh  by  chance  visit  the  Asores  (Consul  0.  Hunt, 
in  Journ.  Oeograph.  Soc,  toL  xv,  Pt.  2,  p.  282),  so  distant  from  Europe,  is 
probably  in  part  due  to  lost  diroctiont  durina  migration :  W.  Thompson 
{Nat.  Mitt,  q^  Ireland, "  fiirds,"  vol.  ii,  p.  172)  shows  that  N.  Amorioan  birds, 
which  occasionally  wander  to  IreUnd,  generally  arrive  at  the  ])erio<l  when 
they  are  migrating  in  N.  America.  In  regard  to  Salmon,  see  Hcope'a  Dai/a 
of  Salmon  Fiihing,  p.  47. 

t  Oardtiut't  Chronicln,  1852,  p.  708  :  other  mses  are  given  by  Youalt  on 
Sheep,  p.  877. 

t  Quoted  by  Youatt  in  Vettrinarv  Journal,  vol.  v,  p.  282. 

iBouraoanne's  TravHa  in  Spatn  (Ens.  trans.),  1780,  vol.  i,  pp.  88-64, 
ills'  Irtatiee  on  Cattle,  1776,  p.  842,  there  is  an  extract  of  a  letter  from 
II  gentleman  in  Spain  from  which  I  have  made  extract.  Youatt  on  the  Sheep, 
p.  168,  gives  references  to  three  other  publications  with  similar  accounts.  I 
may  add  that  von  Tschudi  (Sketehei  qf  Nature  in  the  Alpe,  Eng.  trans., 
ISM,  p.  160)  states  that  annually  in  the  spring  the  cattle  are  greatly  oxoitod, 
when  they  hear  the  great  bell  which  is  carried  with  them ;  well  knowing  that 
this  is  the  signal  for  their  "  approaching  mignition  "  to  the  higher  Alps. 
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tions."    "  The  unquietude,"  says  another  author,  "  which  they 
manifest  might  in  case  of  need  serve  as  an  almanack."    "  The 
sheplierds  must  then  exert  all  their  vigilance  to  prevent  them 
escaping,"  "  for  it  is  a  known  truth  that  they  would  go  to  the 
very  place  where  they  had  been  bom."    Many  cases  have 
occurred  of  three  or  four  sheep  having  started  and  performed 
the  journey  by  themselves,  though  generally  these  wanderers 
are  destroyed  by  the  wolves.    It  is  very  doubtful  whether 
these  migratory  sheep  are  aborigines  of  the  country ;  and  it 
is  certain  that  withm  a  comparatively  recent  period  their 
migrations  have  been  widely  extended :  this  being  the  case,  I 
tliiiik  there  can  hardly  be  a  doubt  that  this  "  natural  instinct," 
as  one  author  calls  it,  to  migrate  at  one  particular  season  in 
one  direction  has  been  acquired  during  domestication,  based 
no  doubt  on  that  passionate  desire  to  return  to  their  birth- 
place which,  as  we  have  seen,  is  common  to  many  breeds  of 
sheep.    The  whole  case  seems  to  me  strictly  parallel  to  the 
migrations  of  wild  animals. 

Let  us  now  consider  how  the  more  remarkable  migrations 
could  possibly  have  originated.  Take  the  case  of  a  binl  being 
driven  each  year,  by  cold  or  want  of  food,  slowly  to  travel 
northward,  as  is  the  case  with  some  birds ;  and  in  time  we 
may  well  believe  that  this  compulsory  travelling  would 
become  an  instinctive  passion,  as  with  the  sheep  in  Spain. 
Now  during  the  long  course  of  ages,  let  valleys  become  con- 
verted into  estuaries,  and  then  into  wider  and  wider  arms  of 
the  sea ;  and  still  I  can  well  believe  that  the  impulse  which 
leads  the  pinioned  goose  to  scramble  northward  would  lead 
our  bird  over  the  trackless  waters ;  and  that,  by  the  aid  of 
the  unknown  power  by  which  many  animals  (and  savage 
men)  can  retain  a  true  course,  it  would  safely  cross  the 
sea  now  covering  the  submerged  path  of  its  ancient  land 
journey.* 

*  I  do  not  auppoto  that  the  line  of  migmtion  of  birds  ftlwayt  murlu  the 
line  of  formerly  continuous  land.  It  is  pouiblo  that  a  bird  aooidentally 
blown  to  a  distant  bnd  or  isUnd,  after  staying  some  time  and  breeding  there, 
might  be  indu(»Dd  by  its  innate  instinct  to  fly  away,  and  again  to  return  there 
in  the  breeding  soason.  But  I  know  of  no  facts  to  countenance  the  idea  i 
and  I  have  been  much  struck  in  the  case  of  oceanic  ishinds,  lying  at  no  »• 
cessive  distance  from  the  mainland,  but  which  from  reasons  to  m  giren  in  a 
future  chapter  I  do  not  bolieTc  have  ever  been  joined  to  the  mainund,  with 
the  fact  that  they  soom  most  rarely  to  have  any  migratory  birds.  Mr.  S.  V. 
Uarcourt,  who  has  written  on  the  birds  of  Madeira,  informs  mo  that  thero 
lire  none  in  that  isUnd )  so,  I  am  informed  by  Mr.  Carew  Hunt,  it  is  in  the 
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[I  will  give  one  case  of  migration  which  seemed  to  me  at 
first  to  ofi^r  especial  difficulty.  It  is  asserted  that  in  the 
extreme  nonb  of  America,  Elk  and  Reindeer  annually  cross,  as 
if  they  could  smell  the  herbage  at  the  distance  of  a  hundred 
miles,  a  tract  of  absolute  desert,  to  visit  certain  islands  where 
there  is  a  better  (but  still  scanty)  supply  of  food.  How 
could  their  migration  have  been  first  established?  If  the 
climate  formerly  had  been  a  little  more  favourable,  the  deseit 
a  hundred  miles  in  width  might  then  have  been  clothed  with 
vegetation  sufficient  to  have  just  tempted  the  quadrupeds 
over  it,  and  so  to  have  found  out  the  more  fertile  northern 
islet.  But  the  intense  Glacial  preceded  our  present  climate, 
and  therefore  the  idea  of  a  former  better  climate  seemed  quite 
imtenable;  but  if  those  American  geologists  are  right  who 
believe,  from  the  range  of  recent  shells,  that  subsequently  to 
the  Glacial  period  there  was  one  slightly  warmer  than  the 
present  period,  then  perhaps  we  have  a  key  to  the  migration 
across  the  desert  of  the  Elk  and  Keindeer.*] 

Institutive  Fear. — I  have  already  discussed  the  hereditary 
tameness  of  our  domestic  animals ;  from  what  follows  I  have 
no  doubt  that  the  fear  of  man  has  always  first  to  be  acquired 
in  a  state  of  nature,  and  that  under  domestication  it  is  merely 
lost  In  all  the  few  archipelagoes  and  islands  inhabited  by 
man,  of  which  I  have  been  able  to  find  an  early  account,  the 
native  animals  were  entirely  void  of  fear  of  man :  I  have 
ascertained  this  in  six  cases  in  the  most  distant  paits  of  thi> 
world,  and  with  birds  and  mammals  of  the  most  different 
kinds.t     At  the  Galapagos  Islands  I  pushed  a  hawk  off  a 

Axores,  though  he  thinks  that  perhaps  the  Quail,  which  migrates  fnnii 
island  to  island,  may  leave  the  Archipelago.  [In  pencil  it  '.s  added  "  Canaries 
none."— O.  J.  R.] 

In  the  Falkland  Islands,  so  far  as  I  can  find,  no  laud-bird  is  mismtor^. 
From  enquiries  which  I  hare  made,  I  And  there  is  no  migratory  oiid  m 
Mauritius  or  Bourbon.  Oolenso  asserts  (TasmaniaH  Journal,  vol.  li,  p.  227) 
that  a  cuckoo,  C.  lucidua,  is  migratoiy,  remaining  onlv  three  or  four  moniliH 
in  New  Zealand ;  but  New  Zealand  is  so  large  an  island  that  it  may  Tcrj- 
easily  migrate  to  the  south  and  remain  there  quite  unknown  to  the  natives  of 
the  north.  FarOe,  situated  about  180  miles  from  the  north  of  Scotland,  haw 
several  migratory  birds  (Onber,  Tagebuch,  1830,  s.  206) ;  Iceland  seems  to 
be  the  strongest  exception  to  the  general  rule,  but  it  lies  only  milcft 

from  the  line  of  100  fathoms.     [The  last  ton  words  are  added 

in  pencil  with  the  blanks  left  for  subsequent  fiUing  in. — G.  J.  R.] 

*  [The  paragraph  which  I  have  enclosed  in  square  brackets  is  faintly 
struck  out  in  pencil. — O.  J.  R.]. 

t  I  have  given  in  my  Journal  of  Se»earche»  (1845),  p.  878,  details  on  the 
Falkland  and  Galapagos.     Mr.  Cada  Mosto  (Kerr's  Collection  of  Voj/atfen, 
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tree  with  the  muzzle  of  my  gun,  and  the  little  birds  drank 
water  out  of  a  vessel  which  I  held  in  my  hand.  But  I  have 
in  my  "  Journal "  given  details  on  this  subject,  and  I  will 
here  only  remark  that  the  tameness  is  not  general,  but  special 
towards  man;  for  at  the  Falklands  the  geese  build  on  the 
outlying  islands  on  account  of  the  foxes.  These  wolf-like 
foxes  were  here  as  fearless  of  man  as  were  the  birds,  and  the 
sailors  in  Byron's  voyage,  mistaking  their  curiosity  for  fierce- 
ness, ran  into  the  water  to  avoid  them.  In  all  old  civilized 
countries  the  wariness  and  fear  of  even  young  foxes  and 
wolves  are  well  known.*  At  the  Galapagos  Islands  the  great 
land  lizards  (Ambli/rhynchus)  were  extremely  tame,  so  that  1 
could  pull  tiiem  by  the  tail ;  whereas  in  other  pai-ts  of  the 
world  lart/c  lizards  are  wary  enough.  The  aquatic  lizard  of 
the  same  genus  lives  on  the  coast,  is  adapted  to  swim  and 
dive  perfectly,  and  feeds  on  submerged  algie:  no  doubt  it 
must  be  exposed  to  danger  from  the  sharks,  and  consequently, 
though  quite  tame  on  the  land,  I  could  not  drive  them  into 
the  water,  and  when  I  threw  them  in  they  always  swam 
directly  back  to  the  shore.  See  what  a  contrast  with  all 
amphibious  animals  in  Europe,  wliich  when  disturbed  by  the 
most  dangerous  animal,  man,  instinctively  and  instantl)*  take 
to  the  water. 

The  tameness  of  the  birds  at  the  Falklands  is  particularly 
interesting,  because  most  of  the  very  same  species,  more  esjM'- 
cially  the  larger  biixls,  are  excessively  wild  in  Tierra  dd 
Fuego,  where  for  generations  they  have  been  persecuted  by 
the  savages.  Both  at  these  islands  and  at  the  Galapagos  it 
is  particularly  noteworthy,  as  I  have  shown  in  my  "  Journal " 
by  the  comparison  of  the  several  accounts  up  to  the  tinu! 
when  w«'  visited  these  islands,  that  the  birds  are  gradually 
getti  ij^  less  and  less  tame;  and  it  is  surprising,  considering 
the  ('('giet  of  persecution  which  they  have  occasionally  suf- 

vol.  ii,  p.  :'AGy  aays  that  ut  the  0.  do  Ycrdo  Islands  tho  pigeons  weru  so  tame 
US  readily  to  be  caught.  These,  then,  are  the  only  largo  groups  of  islandH, 
with  tho  exception  of  the  oceanic  (of  which  I  can  And  no  early  account) 
which  wore  uninhabited  when  discovered.  Thos.  Herbert  in  1626  in  Iuh 
Travel*  (p.  849)  describes  the  tameness  of  the  birds  at  Mauritius,  and  Du 
Bois  in  1669-72  enters  into  details  on  this  head  with  respect  to  all  the  binln 
at  Hourbon.  Cant.  Moresby  lent  nie  a  MS  account  of  his  8ur>-oy  of  St.  Pierre 
and  Providence  Islands,  north  of  Maduguscar,  in  which  he  describes  tin* 
extreme  tumonoss  of  the  pigeons.  Capt.  Cannichacl  has  described  the  tame- 
ness of  the  birds  at  Tristan  d'Acunha. 
•  Le  Roy,  Leltrt-H  Philosoph.,  p.  86. 
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fered  during  the  last  one  or  two  centuries,  that  they  have  not 
become  wilder;  it  shows  that  the  fear  of  man  is  not  soon 
acquired. 

In  old  inhabited  countries,  where  the  animals  have 
acquired  much  general  and  instinctive  suspicion  and  fear, 
they  seem  very  soon  to  learn  from  each  other,  and  perhaps 
even  from  other  species,  caution  directed  towards  any  par- 
ticular object.  It  is  notorious  that  rats  and  mice  cannot  long 
be  caught  by  the  same  sort  of  trap,*  however  tempting  the 
l)ait  may  be ;  yet,  as  it  is  rare  that  one  which  has  actually 
been  caught  escapes,  the  others  must  have  learnt  the  danger 
from  seeing  their  companions  suffer.    Even  the  most  terrific 


object,  if  never 


causmg 


danger,    and  if   not   instinctively 


dreaded,  is  immediately  viewed  with  indifference,  as  we  see  in 
our  railway  trains.  What  bird  is  so  difi&cult  to  approach  as 
the  heron,  and  how  many  generations  would  it  not  require  to 
make  herons  fearless  of  man  ?  Yet  Mr.  Thompson  saysf  that 
these  birds,  after  a  few  days'  experience,  would  fearlessly 
allow  a  train  to  pass  within  half  gun-shot  distance.J  Although 
it  cannot  be  doubted  that  the  fear  of  man  in  old  inhabited 
countries  is  partly  acquired,  yet  it  also  certainly  is  instinc- 
tive ;  for  nesting  birds  are  generally  terrified  at  the  first  sight 
of  man,  and  certainly  far  more  so  than  most  of  the  old  birds 
at  the  Falklands  and  Galapagos  Archipelago  after  years  of 
persecution. 

We  have  in  England  excellent  evidence  of  the  fear  of 
mtin  being  acquired  and  inherited  in  proportion  to  the  danger 
incurred ;  for,  as  was  long  ago  remarked  by  the  Hon.  Daines 
Harrington,§  all  our  large  birds,  young  and  old,  are  extremely 
wild.     Yet  there  can  be  no  relation  between  size  and  fear ;. 

*  E.  P.  Thompson,  Pansiona  of  Animalu,  p.  29. 

t  Nat.  Hist,  of  Ireland,  "  Birds,"  vol.  ii,  p.  133. 

X  [I  may  hera  refer  to  the  corroboration  which  this  statement  has 
Jticontly  received  in  a  correspondence  between  Dr.  Rao  and  Mr.  Goodsir 
{Nature,  July  3rd,  12th,  and  19th,  1883).  The  former  says  fhat  the  wild 
duck,  teal,  &c.,  which  fro(]uent  certain  districts  throush  which  the  Paciflo 
llailway  has  been  carried  in  Canada,  became  quite  fearless  of  the  trains  the 
first  few  days  after  traffic  was  opened,  and  the  latter  gives  similar  testimony 
conceminff  the  wild  fowl  of  Australia,  adding,  "  The  constant  roar  of  a 
great  passing  traffic,  as  well  as  the  unceasing  turmoil  and  unearthly  noises  of 
a  large  railway  station  within  a  stone's  throw  of  their  haunts,  is  now  quite 
imnoticed  by  these  usually  most  watchful  and  wary  of  all  birds,  [i.e.,  wild 
ducks.]  But  for  fear  of  trespassing  on  your  space,  I  could  give  many  more 
illustrations  of  the  truth  of  Dr.  Rae's  remarks/' — Gt.  J.  R.] 

§  Phil.  Tram.,  1778,  p.  264. 
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for  on  unfrequented  islands,  when  first  visited,  the  large 
birds  were  as  tame  as  the  small.  How  exceedingly  wary  is 
our  magpie ;  yet  it  fears  not  horses  or  cows,  and  sometimes 
alights  Pon  their  backs,  just  like  the  doves  at  the  Galapagos 
did  in  1684  on  Cowley.  In  Norway,  where  the  magpie  is 
not  persecuted,  it  picks  up  food  "close  about  the  doors, 
sometimes  walking  inside  the  houses."*  The  hooded  crow 
{C.  comix),  again,  is  one  of  our  wildest  birds ;  yet  in  Egyptf 
is  perfectly  tame.  Every  single  young  magpie  and  crow 
cannot  have  been  frightened  in  England,  and  yet  all  are 
fearful  of  man  in  the  extreme:  on  the  other  hand,  in  the 
Falkland  and  Galapagos  Islands  many  old  birds,  and  their 
parents  before  them,  must  have  been  frightened  and  seen 
others  killed ;  yet  they  have  not  acquired  a  salutary  aread  of 
the  most  destructive  animal,  man.| 

Animals  feigning,  as  it  is  said,  Death — an  unknown  state 
to  each  living  creature — seemed  to  me  a  remarkable  instinct. 
I  agree  with  those  authors^  who  think  that  there  has  been 
much  exaggeration  on  tliis  subject:  I  do  not  doubt  that 
fainting  (I  have  had  a  Robin  faint  in  my  hands)  and  the 
paralyzing  effects  of  excessive  fear  have  sometimes  been  mis- 
taken for  the  simulation  of  death.||    Insects  are  most  notori- 

*  Mr.  0.  HewitBon  in  Magazuie  of  Zoology  and  Botany y  vol.  ii,  p.  311. 

t  Geoffry  St.  Hilaire,  Anns,  des  Mus.,  tome  ix,  p.  471. 

X  [I  have  already  pointed  out  the  refined  degree  to  which  such  inBtinctive 
dread  of  man  is  developed  when  it  is  able  accurately  to  discriminate  what 
constitutes  safe  distance  from  fire-arms.  Since  writing  the  passage  to  which 
T.  allude  (see  p.  197),  I  have  met  with  the  following  observation  in  the  letters 
recently  published  by  Dr.  Rae  in  Nature,  which  is  of  interest  as  showing  how 
rapidly  such  refinement  of  discrimination  is  attained: — "  I  may  perhaps  be 
liormitted  to  give  one  of  many  instances  known  to  me  of  the  quickness  of 
birds  in  acquiring  a  knowledge  of  danger.  Golden  plover,  when  coming  from 
their  breeding-places  in  high  latitudes,  visit  the  islands  north  of  Scotland  in 
kirgo  numbers,  and  keep  together  in  great  packs.  At  first  they  are  easily 
approached,  but  after  a  very  few  shots  being  fired  at  them,  they  become  not 
only  much  more  shy,  but  seem  to  measure  with  great  accuracy  the  distance 
at  which  they  ^re  safe  from  harm." — G.  J.  R.] 

§  Couch,  Illustrations  of  Instinct,  p.  201. 

II  The  most  curious  case  of  apparently  true  simi'^itlon  of  death  is  that 
given  by  Wrangel  (Travels  in  Siberia,  p.  812,  En^.  irans.)  of  the  geese  which 
migrate  to  the  Tundras  to  moidt,  and  are  then  quite  incapable  of  flight.  He 
Hays  they  feigned  death  so  well  "  with  their  legs  and  necks  stretched  out 
quite  stiff,  that  I  passed  them  by,  thinking  they  were  dead."  But  the  natives 
were  not  thus  taken  in.  This  simulation  would  not  save  them  from  foxes  or 
wolves,  &o.,  which  I  presume  inhabit  the  Tundras :  would  it  save  them  from 
liawks  P  The  caso  seems  a  strange  one.  A  lisard  in  Patagonia  {Journal  of 
Researches,  p.  97),  which  lives  on  the  sand  near  the  coast,  and  is  speckled 
like  it,  when  frightened  feigned  death  with  outstretohed  legs,  depressed  body, 


" 
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ous  in  this  respect.  We  have  amongst  them  a  most  perfect 
series,  even  within  the  same  genus  (as  I  have  observed  in 
Curculio  and  Chrysomela),  from  species  which  feign  only  for 
a  second  and  sometimes  imperfectly,  still  moving  their 
antennte  (as  with  some  Histers),  and  which  will  not  feign  a 
second  time  however  much  irritated,  to  other  species  which, 
according  to  De  Geer,  may  be  cruelly  roasted  at  a  slow  fire, 
without  the  slightest  movement — to  others,  again,  which  will 
long  remain  motionless  as  much  as  twenty-three  minutes,  as  I 
find  with  Chrysomela  spartii.  Some  individuals  of  the  same 
species  of  Ptinus  assumed  a  difterent  position  from  that  of 
others.  Now  it  will  not  be  disputed  that  the  manner  and  dura- 
tion of  the  feint  is  useful  to  each  species,  according  to  the  kind 
of  danger  which  it  has  to  escape ;  therefore  there  is  no  more 
real  difficulty  in  its  acquirement,  through  natural  selection, 
of  this  hereditary  attitude  than  of  any  other.  Nevertheless, 
it  struck  me  as  a  strange  coincidence  that  the  insects  should 
thus  have  come  to  exactly  simulate  the  state  which  they  took 
when  dead.  Hence  I  carefully  noted  the  simulated  positions 
of  seventeen  different  kinds  of  insects  (including  an  lulus. 
Spider,  and  Oniscus)  belonging  to  the  most  distinct  genera, 
both  poor  and  first-rate  shammers;  afterwards  I  procured 
naturally  dead  specimens  of  some  of  these  insects,  others  I 
killed  with  camphor  by  an  easy  slow  death ;  the  result  was 
that  in  no  one  instance  was  the  attitude  exactly  the  same, 
and  in  several  instances  the  attitude  of  the  feigners  and  of 
the  really  dead  were  as  unlike  as  they  possibly  could  be. 

Nidijication  and  Haliitatimi. — We  come  now  to  more 
complex  instincts.  The  nests  of  Birds  have  been  carefully 
attended  to,  at  least  in  Europe  and  the  United  States ;  so 
that  we  have  a  good  and  rare  opportunity  of  seeing  whether 
there  is  any  variation  in  an  important  instinct,  and  we  shell 
find  that  this  is  the  case.  We  shall  further  find  that  favour- 
able opportunities  and  intelligence  sometimes  slightly  modify 
the  constructive  instinct.  In  the  nests  of  birds,  also,  we 
have  an  unusually  perfect  series,  from  those  which  build 
none,  but  lay  on  the  bare  ground,  to  others  which  make  a 
most  imperfect  and  simple  nest,  to  others  more  perfect,  and 

and  closed  eyes ;  if  further  disturbed,  it  buried  itself  quickly  in  the  sand.  If 
the  Hare  had  been  a  small  'nsignifloant  animal,  and  if  she  had  closed  her  eyed 
when  on  her  form,  should  we  not  perhaps  have  said  thnl  she  was  feigning 
death  P  In  ivgard  to  Insects,  see  Kirby  and  Sponoe,  Introduction  to  Ilnto- 
mologif,  vol.  ii,  p.  284. 
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SO  on,  till  we  arrive  at  max  v^ellous  structures,  rivalling  the 
weavers'  art. 

Even  in  so  singular  a  nest  as  that  of  the  Hirundo  {Col- 
localia  esculenta),  eaten  by  the  Chinese,  we  can,  I  think,  trace 
the  stages  by  which  the  necessary  instinct  has  been  acquired. 
The  nest  is  composed  of  a  brittle  white  translucent  substance, 
very  like  pure  gum  arabic,  or  even  glass,  lined  with  adherent 
feather-down.  The  nest  of  an  allied  "species  in  the  British 
Museum  consists  of  irregularly  reticulated  fibres,  some  as 
fine  as  *  of  the  same  substance  ;  in  another  species 

bits  of  sea-weed  are  agglutinated  together  with  a  similar 
substance.  This  dry  mucilaginous  matter  soon  absorbs 
water  and  softens  :  examined  under  the  microscope  it 
exhibits  no  structure,  except  traces  of  lamination,  and  very 
generally  pear-shaped  bubbles  of  various  sizes ;  these,  indeed, 
are  very  conspicuous  in  small  dry  fragments,  and  some  bits 
looked  almost  like  vesicular  lava.  A  small  pure  piece  put 
into  flame  crackles,  swells,  does  not  readily  burn,  and  smells 
strongly  of  animal  matter.  The  genus  Collocalia,  according 
to  Mr.  G.  R.  Gray,  to  whom  I  am  much  obliged  for  allowing 
me  to  examine  all  the  specimens  in  the  British  Museum, 
ranks  in  the  same  sub-family  with  our  common  Swift.  The 
latter  bird  generally  seizes  on  the  nest  of  a  sparrow,  but  Mr. 
Macgillivray  has  carefully  described  two  nests  in  which 
the  confusedly  fitted  materials  were  agglutinated  together 
by  extremely  thin  shreds  of  a  substance  which  crackles 
but  does  not  readily  burn  when  put  into  a  flame.  In 
N.  Americat  another  sjiecies  of  Swift  causes  its  nest  to 
adhere  against  the  vertical  wall  of  a  chimney,  and  builds  it 
of  small   sticks  placed   parallel   and  agglutinated  together 

•  [In  the  MS  a  blank  is  hero  intentionally  left  for  the  subsequent  filling 
in  of  an  appropriate  word. — O.  J.  R.] 

t  For  Cypselus  murarius  see  Macgillivray,  British  Birds,  vol.  iii,  1840, 

R.  625.  For  C.  pelcutgitis,  see  Mr.  Peabody's  excellent  paper  on  the  Birds  of 
[asBachussetts  in  the  Boston  Journal  of  Nat.  Hist.,  vol.  lii,  p.  187.  M.  B. 
Robert  {Comptes  Rendus,  quoted  in  Anns,  and  Mag.  of  Nat.  Hist.,  vol.  viii, 
1842,  p.  476)  found  that  the  nests  of  the  Hirundo  riparia,  made  in  the 
gravelly  banks  of  the  Volga,  had  their  upper  surfaces  plastered  with  a  yellow 
nnitaal  substance,  which  he  imagined  to  bo  fishes'  spawn.  Could  he  have 
mistaken  the  species,  for  there  is  no  reason  to  suppose  our  bank-martin  has 
any  such  habit  P  This  would  be  a  very  remarkable  variation  of  instinct,  if  it 
coidd  be  proved  j  and  the  moi-e  remarkable  that  this  bird  belongs  to  a  dif- 
ferent sub-family  fvom  the  Swifts  and  Collocalia.  Yet  I  nm  inclined  to 
believe  it,  for  it  has  been  afllnncd  with  apparent  truth  that  the  House-martin 
moistens  the  mud,  with  which  it  builds  its  nest,  with  adhesive  saliva. 
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with  cakes  of  a  brittle  mucilage  which,  like  that  of  the 
esculent  swallow,  swells  and  softens  in  water ;  in  flame  it 
crackles,  swells,  does  not  readily  burn,  and  emits  a  stronj; 
animal  odour :  it  differs  only  in  being  yellowish-brown,  in  not 
having  so  many  large  air-bubbles,  in  being  more  plainly 
laminated,  and  in  having  even  a  striated  appearance,  caused 
by  innumerable  elliptical  excessively  minute  points,  which  1 
believe  to  be  drawn-out  minute  air-bubbles. 

Most  authors  believe  that  the  nest  of  the  esculent  swallow 
is  formed  of  either  a  Fucus  or  of  the  roe  of  a  fish ;  others,  I 
believe,  have  suspected  that  it  is  formed  of  a  secretion  from 
the  salivary  glands  of  the  bird.  The  latter  view  I  cannot 
doubt,  from  the  preceding  observ-^ations,  is  the  correct  one. 
The  inland  habits  of  the  Swifts  and  the  manner  in  which  the 
substance  behaves  in  flame  almost  disposes  of  the  supposition 
of  Fucus.  Nor  can  I  believe,  after  having  examined  the 
dried  roe  of  fishes,  that  we  should  find  no  trace  of  cellular 
matter  in  the  nests,  had  they  been  thus  formed.  How  could 
our  Swifts,  the  habits  of  which  are  so  well  known,  obtain  roe 
without  being  detected  ?  Mr.  Macgillivray  has  shown  that 
the  salivary  crypts  of  the  Swifts  are  largely  developed,  and 
he  believes  that  the  substance  with  which  the  materials  of  its 
nest  are  fitted  together,  is  secreted  by  their  glands.  I  cannot 
doubt  that  this  is  the  origin  of  the  similar  and  more  copious 
substance  in  the  nest  of  the  North  American  Swift,  and  in 
those  of  the  Collocalia  esculenta.  We  can  thus  understand 
its  vesicular  and  laminated  structure,  and  the  curious  reti- 
culated structure  of  the  Philippian  Island  species.  The  only 
change  required  in  the  instinct  of  these  several  birds  is  that 
less  and  less  foreign  materials  should  be  used.  Hence  I  con- 
clude that  the  Chinese  make  soup  of  dried  saliva.* 

In  looking  for  a  perfect  series  in  the  less  common  forms 
of  birds'  nests,  we  should  never  forget  that  all  existing  birds 
must  be  almost  infinitely  few  compared  with  those  which 
have  existed  since  footprints  were  impressed  on  the  beach  >4 
the  New  Red  Sandstone  formation  of  North  America. 

If  it  be  admitted  that  the  nest  of  each  bird,  wherever 
placed  and  however  constructed,  be  good  for  that  species 

*  [It  is  almost  needless  to  observe  that  we  must  remember  the  date  nt 
which  this  was  written ;  but  it  may  be  remarked  that  as  early  as  1 817  it  yva» 
pointed  out  by  Home  (Phil,  Trans.,  p.  332)  that  tlic  proventriculus  of  Collo- 
calia is  a  peculiar  glandular  structure  probably  suited  to  secrete  the  substance 
of  which  the  nest  oonsists. — G-.  J.  B.] 
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under  its  own  conditions  of  life ;  and  if  the 
varies  ever  so  little,  when  a  bird  is  placed  under  new  con 
ditions,  and  the  variations  can  be  inherited,  of  which  there 
can  be  little  doubt — then  natural  selection  in  the  course  of 
ages  might  modify  and  perfect  almost  to  any  degree  the  nest 
of  a  bird  in  comparison  with  that  of  its  progenitors  in  long 
past  ages.  Let  me  take  one  of  the  most  extraordinary  cases 
on  record,  and  see  how  selection  may  possibly  have  acted ;  I 
refer  to  Mr.  C^ould's  observation*  on  the  Australian  Mega- 
podidse.  The  Talegalla  lathami  scrapes  together  a  great 
pyramid,  from  two  to  four  cart-loads  in  amount,  of  decaying 
vegetable  matter ;  and  in  the  middle  it  deposit  its  eggs.  The 
eggs  are  hatched  by  the  fermenting  mass,  the  heat  of  which 
was  estimated  at  90°  F.,  and  the  young  birds  scratch  their 
way  out  of  the  mound.  The  accumulation  propensity  is  so 
strong  that  a  single  unmated  cock  confined  in  Sydney  annually 
collected  an  immense  mass  of  vegetable  matter.  The  Lcvpou 
ocellata  makes  a  pile  forty-five  feet  in  circumference  and  four 
feet  in  height,  of  leaves  thickly  covered  with  sand,  and  in 
the  same  way  leaves  its  eggs  to  be  hatched  by  the  heat  of 
fermentation.  The  Megapodius  tumulus  in  the  northern 
parts  of  Australia  makes  even  a  much  larger  mound,  but 
apparently  including  less  vegetable  matter ;  and  other  species 
in  the  Malayan  Archipelago  are  said  to  place  their  eggs  in 
holes  in  the  ground,  where  they  are  hatched  by  the  heat  of 
the  sun  alone.  It  is  not  so  surprising  that  these  birds  should 
have  lost  the  instinct  of  incubation,  when  the  proper  tem- 
perature is  supplied  either  from  fermentation  or  the  sun,  as 
that  they  should  have  been  led  to  pile  up  beforehand  a  great 
heap  of  vegetable  matter  in  order  that  it  might  ferment ; 
for,  however  the  fact  may  be  explained,  it  is  known  that 
other  birds  will  leave  their  eggs  when  the  heat  is  sufficient 
for  incubation,  as  in  the  Ci^se  of  the  Fly-catcher  which  built 
its  nest  in  Mr.  Knight's  hot-house.f  Even  the  snake  takes 
advantage  of  a  hot-bed  in  which  to  lay  its  eggs ;  and  what 
concerns  us  more,  is  that  a  common  hen,  according  to  Pro- 
fessor Fischer,  "  made  use  of  the  artificial  heat  of  a  hot-bed  to 
hatch  her  eggs."t     Again  E^aumur,  as  well   as   Bonnet, 

*  Birda  of  Australia,  and  Introduction  to  the  Birds  of  Australia,  1848, 
p.  82. 

t  TarreVa  British  Birds,  vol.  i,  p.  166. 

X  Alison,  article  "Instinct"  in  Todd's  Cyclop,  of  Anat.'  and  Phifstol., 
p.  21. 
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observed*  that  ants  ceased  their  laborious  task  of  daily 
moving  their  eggs  to  and  from  the  surface  according  to  the 
heat  of  the  sun,  when  they  had  built  their  nest  between  the 
two  cases  of  a  bee-hive,  where  a  proper  and  equable  tempe- 
rature was  provided. 

Now  let  us  suppose  that  the  conditions  of  life  favoured 
the  extension  of  a  bird  of  this  Family,  whose  eggs  were 
I  latched  by  the  solar  rays  alone,  into  a  cooler,  damper,  and 
more  wooded  country :  then  those  individuals  which  chanced  to 
have  the  accumulative  propensity  so  far  modified  as  to  prefer 
more  leaves  and  less  sand,  would  be  favoured  in  their  exten- 
sion ;  for  they  would  accumulate  more  vegetable  matter,  and 
its  fermentation  would  compensate  for  the  loss  of  solar  heat, 
and  thus  more  young  birds  would  be  hatched  which  might  as 
readily  inherit  the  peculiar  accumulative  propensity  of  their 
parents  as  our,  breeds  of  dogs  inherit  a  tendency  to  retrieve, 
another  to  point,  and  another  to  dash  round  its  prey.  And 
this  process  of  natural  selection  might  be  continued,  till  the 
eggs  came  to  be  hatched  exclusively  by  the  heat  of  fermen- 
tation ;  the  bird,  of  course,  being  as  ignorant  of  the  cause  of 
the  heat  as  of  that  of  its  own  body. 

In  the  case  of  corporeal  structures,  when  two  closely 
allied  species,  one  for  instance  semi-aquatic  and  the  other 
terrestrial,  are  modified  for  their  different  manners  of  life, 
their  main  and  general  agreement  of  structure  is  due,  according 
to  our  theory,  to  descent  from  common  parents;  and  their 
slight  differences  to  subsequent  modification  through  natural 
selection.  So  when  we  hear  that  the  thrush  of  South  America 
{T.  Falklandicus),  like  our  European  species,  lines  her  nest  in 
the  same  peculiar  way  with  mud,  though,  from  being  sur- 
rounded by  wholly  different  plants  and  animals,  she  must  be 
placed  under  somewhat  different  conditions;  or  when  we 
hear  that  in  North  America  the  males  of  the  kitty  wrens,t 
like  the  male  of  our  species,  have  the  strange  and  anomalous 
liabit  of  making  "cock-nests,"  not  lined  with  feathers,  in 
which  to  shelter  themselves ; — when  we  hear  of  such  cases, 
and  they  are  sufficiently  numerous  in  all  classes  of  animals, 
we  must  attribute  the  similarity  of  the  instinct  to  inheritance 
from  common  progenitors,  and  the  dissimilarity,  either  to 

*  Kirby  and  Spence,  Introd:  to  Entomol.,  vol.  ii,  p.  519. 
t  Peabody  in  Boston  Joum.  Nat.  Hut.,  vol.  iii,  p.  144.    For  our  Britisli 
s|iccie8  see  Macgillivray,  Srit.  Birds,  vol.  iii,  p.  23. 
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selected  and  profitable  modification,  or  to  acquired  and 
inherited  habit.  In  the  same  manner,  as  the  northern  and 
southern  thrushes  have  largely  inherited  their  instinctive 
modification  from  a  common  parent,  so  no  doubt  the  thrush 
and  blackbird  have  likewise  inherited  much  from  their 
common  progenitor,  but  with  somewhat  more  considerable 
modifications  of  instinct  in  one  or  both  species,  from  that  of 
their  ancient  and  unknown  ancestor. 

We  -will  now  consider  the  Tariability  of  the  nesting-instinct.  The  cases,^ 
no  doubt,  would  hare  been  far  more  numerous,  had  the  subject  been  attended 
to  in  other  countries  with  the  same  care  as  in  Great  Britain  and  the  United 
States.  From  the  genen  !  uniformity  of  the  nests  of  each  species,  we  clearly 
see  that  even  trifling  details,  such  as  the  materials  used  and  the  situation 
chosen  on  a  high  or  low  branch,  on  a  bank  or  on  level  ground,  whether 
solitary  or  in  communities,  are  not  due  to  chance,  or  to  intelligence,  but  to 
instinct.  The  Sylvia  sylvicola,  for  instance,  can  be  distinguished  from  two 
closely  allied  wrens  more  readily  by  its  nest  being  Uned  with  feathers  than  by 
almost  any  other  character.     ("  Yarrell's  British  Birds.") 

Necessity  or  compulsion  often  leads  birds  to  change  the  situation  of  their 
nests :  numerous  instances  coidd  be  given  in  various  parts  of  the  world  of 
birds  breeding  in  trees,  but  in  treeless  countries  on  the  ground,  or  amont;st 
rocks.  Audubon  (quoted  in  "  Boston  Joum.  Nat.  Hist.,"  vol.  iv,  p.  249) 
states  that  the  0-ulls  on  an  islet  ofF  Labrador,  "  in  consequence  of  the  perse*^ 
oution  which  they  have  met  with,  now  build  in  trees,"  instead  of  in  the  rocks. 
Mr.  Couch  ("  Illustrations  of  Instinct,"  p.  218)  states  that  three  or  four 
successive  layings  of  the  sparrow  (JF*.  domestious)  having  been  destroyed,. 
"  the  whole  colony,  as  if  by  mutual  agreement,  quitted  the  place  and  settled 
themselves  amongst  some  trees  at  a  distance — a  situation  which,  though 
common  in  some  districts,  neither  they  nor  their  ancestors  had  ever  before 
occupied  here,  where  their  nests  became  objects  of  curiosity."  The  sparrow 
builds  in  holes  in  walls,  on  high  branches,  in  ivy,,  under  rooks'  nests,  in  the 
holes  made  by  the  sand-martins,  and  often  seizes  on  the  nost  made  by  the 
house-martin :  "  the  nest  also  varies  greatly  according  to  the  place  "  (Mon- 
tague, «  Omitho.  Diet.,"  p.  482).  The  Heron  (MacgilliTrajr,  "  Brit.  Birds,'^ 
vol.  iv,  p.  446 :  W.  Thompson,  "  Nat.  Hist.  Ireland,"  vol.  ii,  p.  146)  build» 
in  trees,  on  precipitous  sea-cliffs,  and  amongst  heath  on  the  ground.  In  the 
United  States  the  Ardea  herodias  (Feabody  in  "Boston  Journal  Nat.  Hist.," 
vol.  iii,  p.  209)  likewise  builds  in  tall  or  low  trees,  or  ou  the  groimd  j  and^ 
which  is  more  remarkable,  sometimes  in  communities  or  heronries,  and 
sometimes  soUtarily. 

Convenience  comes  into  play:  we  have  seen  that  the  Taylor-bird  in 
India  uses  artificial  thread  instead  of  weaving  it.  A  wild  Gold-fincb 
(Bolton's  Harmonia  Suralis,  vol.  i,  p.  492^  first  took  wool,  then  cotton, 
and  then  down,  which  was  placed  near  its  nest.  The  common  Bobin 
will  often  bi:dld  under  sheds,  four  oases  having  been  observed  in  one  season 
at  one  place  (W.  Thompson,  "Nat.  Hist.  Ireland,"  vol.  i,  p.  14).  In  Walea 
the  Martin  (S.  urbica)  Duilds  against  perpendicular  cliffs,  but  all  over  the 
lowlands  of  England  against  houses ;  and  this  must  have  prodigiously  in- 
creased its  range  and  numbers.  In  Arctic  America  in  1S25  Himndo  luni- 
from  (Richardson,  "  Fauna  Boreali-AmeTcani,"p.  881)  for  the  first  time  built 
against  houses ;  and  the  nests,  instead  of  being  clustered  and  each  having  a 
tubular  entrance,  were  built  under  the  eaves  in  a  single  line  and  without  th» 
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lubular  entrance,  or  with  a  mere  ledge.    The  date  of  a  similur  change  in  the 
habits  of  ^./«ipa  is  also  known. 

In  all  changes,  whether  from  persecution  or  convenience,  intelligence 
must  come  into  play  in  some  degree.    The  Kitty-wren  (T.  vulgaris),  which 
builds  in  Tarious  situations,  usually  makes  its  nest  to  match  with  surrounding 
objects    (Macgillivray,  toL  ill,  p.  21)  ;   but  this  perhaps  is  instinct.    Yet 
when  we  hear  from  White  (Letter  14)  that  a  Willow- wren  (and  I  have  known 
a  similar  case),  having  been  disturbed  by  being  watched,  concealed  the  orifice 
of  her  nest,  we  might  argue  that  the  case  was  one  of  intelligence.     Neithei 
the  Kitty- wren  nor  Water-ouzel  ("  Mag.  of  Zool.,"  vol.  ii,  1838,  p.  429, 
invariably  buUd  domes  to  their  nests,  when  placed  in  sheltered  situationk 
Jesse  describes  a  Jackdaw  which  built  its  nest  on  an  inclined  surface  in  tk 
turret,  and  reared  up  a  perpendicular  stack  of  sticks  ten  feet  in  height—  a 
labour  of  seventeen  days :  families  of  this  bird,  I  may  add  (White's  "  Sel 
borne,"  Letter  21),  have  been  known  regularly  to  build  in  rabbit-burrows. 
Numeroi"  +T««'ogou8  facts  could  be  given.    The  Water-hen  {&.  chloropua)  ik 
said  occt  v  to  cover  her  eggs  when  she  leaves  her  nest,  but  In  one  pro- 

tected p^  Thompson  ("  Nat.  Hist.  Ireland,"  vol.  ii,  p.  328)  says  that 

this  was  nev.:!-  done.  Water-hens  and  Swans,  which  build  in  or  near  the 
water,  will  instinctively  raise  their  nest  as  soon  as  they  perceive  the  water 
begin  to  rise  (Couch  "  Illustrations  of  Instinct,"  p.  223-6).  But  the  follow- 
ing seems  a  more  curious  case : — Mr.  Yarrell  showed  me  a  sketch  of  the  nest 
of  a  Black  Australian  Swan,  which  had  been  built  directly  under  the  drip  of 
the  eaves  of  a  building  ;  and,  to  avoid  this,  male  and  female  conjointly  added 
semicircular  *  to  the  nest,  until  it  extended  close  to  the  wall, 

within  the  Une  of  drip  ;  and  then  they  pushed  the  eggs  into  the  newly  added 
portion,  so  as  to  be  quite  dry.    The  Magpie  {Corvus  pica)  under  ordinary 
circumstances  builds  a  remarkable,  but  very  uniform  nest ;  in  Norway  they 
build  in  churches,  or  spouts  imder  the  eaves  of  houses,  as  well  as  in  trees. 
In  a  treeless  part  of  Scotland,  a  pair  built  for  several  years  in  a  goos^eberry 
bush,  which  they  barricaded  all  round  in  an  extraordinary  manner  with 
briars  and  thorn's,  so  that  "  it  would  have  cost  a  fox  some  days'  labour  to 
have  got  in."    On  the  other  hand,  in  a  part  of  Ireland,  where  a  reward  had 
been  offered  for  each  egg  and  the  magpies  had  been  much  persecuted,  a  pair 
built  at  the  bottom  of  a  low  thick  hedge,  '*  without  any  large  collection  of 
materials  likely  to  attract  notice."     In  Cornwall,  Mr.  Couch  says  he  has 
seen  near  each  other,  two  nests,  one  in  a  hedge  not  a  yard  from  the  ground 
and  "  unusually  fenced  in  with  a  thick  structure  of  thorns ;"  the  other  "  on 
the  top  of  a  very  slender  and  solitary  elm — the  expectation  clearly  being 
that  no  creature  would  venture  to  climb  so  fragile  a  column."     I  have  been 
struck  by  the  slendemess  of  the  trees  sometimes  chosen  by  th3  magpie  ;  but, 
intelligent  as  this  bu-d  is,  I  cannot  believe  that  it  foresees  that  boys  could  not 
climb  such  trees,  but  rather  that,  having  chosen  such  a  tree,  it  has  found 
from  experience  that  it  is  a  safe  place.f 

Although  I  do  not  doubt  that  intelligence  and  experience  often  come 
into  play  in  the  nidification  of  Birds,  yet  both  often  fail :  a  Jackdaw  has 
been  seen  trying  in  vain  to  get  a  stick  through  a  turret  window,  and  had 

*  [A  word  is  here  accidentally  omitted  in  the  MS. — G,  J.  K.] 

t  For  Norway,  see  in  Mag.  of  Zool.  and  JBot.,  1838,  vol.  ii,  p.  811.    For 

Scotland,  Rev.  J.  Hall,  T^ravelt  in  Scotland,  see  Art.  "  Instinct      in  Cyclop. 

of  Anat.  and  Phynol.,  ^  22.     For  Ireland,  W.  Thompson,  Nat.  Hint,  of 


Ireland,  vol.  ii,  p.  329. 
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not  sense  to  draw  it  in  lengthways :  "White  (Letter  6)  describes  some  mar- 
tins which  year  after  year  built  their  nests  on  an  exposed  wall,  and  year  after 
year  they  were  washed  down.  The  Furnarius  cuniculariut  in  S.  America 
makes  a  deep  burrow  in  mud-banks  for  its  nest ;  and  I  saw  ("  Journal  of 
Hesearches/  p.  216)  these  little  birds  vainly  burrowing  numerous  holes 
through  mud-walls,  over  which  they  were  constantly  ilitting,  without  thus 
perceiving  that  the  Malls  were  not  nearly  thick  enough  for  their  nests. 

Many  variations  cannot  in  any  way  be  account«d  for  :  the  Totanwa  macu- 
larius  (Peabody,  "  Boston  Journ.  Nat.  Hist.,"  vol.  iii,  p.  219)  lays  her  eggs 
sometimes  on  the  bare  ground,  sometimes  in  nests  slightly  made  of  grass. 
Mr.  Blackwall  has  recorded  the  curious  case  of  a  yellow  Bunting  (Embe- 
riza  citrineUa)  given  in  "  Yarrell's  British  Birds,"  which  laid  its  eggs  and 
hatched  them  on  the  bare  ground :  this  bird  generally  builds  on  or  very  close 
to  the  ground,  but  a  case  is  recorded  of  its  having  built  at  a  height  of  seven 
feet.  A.  nest  of  a  Chaffinch  (Fringilla  caelebs  ;  "  Annals  and  Mag,  of  Nat. 
History,"  vol.  viii,  1842,  p.  281)  has  been  described,  which  was  bound  by  a 
piece  of  whipcord  passing  once  i-ound  a  branch  of  a  pine  tree,  and  then 
llnnly  interwoven  with  the  materials  of  tlie  nest :  the  nest  of  the  chaffinch 
can  almost  be  recognized  by  the  elegant  manner  with  which  it  is  coated 
with  lichen  ;  but  Mr.  Hewitson  ("  British  Oology,"  p.  7)  has  described  one 
in  which  bits  of  paper  were  used  for  lichen.  The  Thrush  (T.  muaicm) 
builds  in  bushes,  but  sometimes,  when  bushes  abound,  in  holes  of  walls  or 
under  sheds ;  and  two  cases  are  known  of  its  having  built  actually  on  the 
ground  in  long  grass  and  under  turnip-leaves  (W.  Thompson,  "  Nat.  Hist, 
of  Ireland,"  vol.  i,  p.  136 :  Couch,  "  Illustrations  of  Instinct,"  p.  219).  The 
Kev.  W.  D.  Fox  informs  me  that  an  "eccentric  pair  of  blackbirds" 
{T.  mentla)  for  three  consecutire  years  built  in  ivy  against  a  wall,  and 
always  lined  their  nest  with  black  horse-hair,  though  there  was  nothing  to 
tempt  them  to  use  this  material :  the  eggs  also  were  not  spotted.  The 
same  excellent  observer  has  described  (iu  " Hewitson's  British  Oology")  the 
nests  of  two  Bedstarts,  of  which  one  alone  was  lined  with  a  profusion  of. 
white  feathers.  The  Golden-crested  Wren  (Mr.  Sheppard  in  "  Linn.  Trans.," 
vol.  XV,  p.  14)  usuaUy  builds  an  open  nest  attached  to  the  under  side  of  a 
fir-brancn,  but  sometimes  on  the  branch,  and  Mr.  Sheppard  has  seen  one 
"pendulous  with  a  hole  on  one  side."  Of  the  wonderful  nest  of  the  Indian 
Weaver-bird  (Ploceus  PhUippensis,  "  Proc.  Zool.  Soc.,"  July  27,  1852),  about 
one  or  two  in  eveir  fifty  have  an  upper  chamber,  in  which  the  males  nest, 
grooved  by  the  widening  of  the  stem  of  the  nest  with  a  pent-house  added 
to  it.  I  will  conclude  by  adding  two  general  remarks  on  this  head  by  two 
good  observers  (Sheppard  in  "  Linn.  Trans.,"  vol.  xv,  p.  14,  and  Blackwall 
quoted  by  Yarrell,  "British  Birds,"  vol.  i,  p.  44  ).  "There  are  few  birds 
which  do  not  occasionally  vary  from  the  general  form  in  building  their 
nests."  "  It  is  evident,"  says  Mr.  Blackwall,  "  that  birds  of  the  same  species 
possess  the  constructiTe  powers  in  very  different  degrees  of  perfection,  for  the 
nests  of  some  individuals  are  finished  in  a  manner  gieatly  superior  to  those 
of  others." 

Some  of  the  cases  above  given,  suph  as  the  Tetanus  either  making  a  nest 
or  building  on  the  bare  ground,  or  that  of  the  Water-ouzel  making  or  not 
making  a  dome  to  its  nest,  ought,  perhaps,  to  be  called  a  double  instinct 
rather  than  a  variation.  But  the  most  cunous  case  of  a  double  instinct  which 
I  have  met  with,  is  that  of  the  Sylvia  ciaticola  given  by  Dr.  P.  Savi  ("  Anns, 
des  8c.  Nat.,"  tome  ii,  p.  126).  This  bird  in  Pisa  annxially  makes  two  nests ; 
the  autumnal  nest  is  formed  by  leaves  being  sewn  together  with  spiders'  webs 
and  the  down  of  plants,  and  is  placed  in  marshes ;  the  vernal  nest  is  placed 
in  tufts  of  grass  in  corn-fields,  and  the  leaves  are  not  sewn  together  t  but  the 
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Bides  are  thicker  and  very  different  materials  are  used.  In  such  cases,  as  was 
formerly  remarked  with  respect  to  corporeal  structures,  a  great  and  apparently 
abrupt  change  might  be  effected  in  the  instinct  of  a  bird  by  one  form  alone 
of  the  nest  being  retained. 

In  some  cases,  when  the  same  species  ranges  into  a  different  climate,  the 
nest  differs ;  the  Artamus  sordidus  in  Tasmania  builds  a  larger,  more  com- 
pact, and  neater  nest,  than  in  Australia  (Gould's  "Birds  of  Australia"). 
The  Sterna  minuta,  according  to  Audubon  ("  Anns,  of  Nat.  Hist.,"  vol.  ii, 
1839,  p.  462),  in  the  southern  and  middle  JJ.  States  merely  scoops  a  slight 
hollow  in  the  sand ;  "  but  on  the  coast  o*  Ijabrador  it  makes  a  very  snug  nest, 
formed  of  dry  moss,  well  matted  •«)getL<?r  and  nearly  as  large  as  that  of  the 
Tardus  migratoritts."  Those  individuf.ls  of  Ictertis  Baltimore  (Peabody  in 
"  Boston  Joum.  of  Nat.  Hist.,"  vol.  iii,  p.  97)  "  which  build  in  the  south 
make  their  nests  of  light  moss,  which  allows  the  air  to  pass  through,  and 
complete  it  without  lining ;  while  in  the  cool  climate  of  New  England  they 
make  their  nests  of  soft  substances  closely  woven  with  a  warm  lining." 

Habitations  of  Mammals. — On  this  head  I  shall  make  but 
few  remarks,  having  said  so  much  on  the  nests  of  Birds. 
The  buildings  erected  by  the  Beaver  have  long  been  cele- 
brated ;  but  we  see  one  step  by  which  its  wonderful  instincts 
might  have  been  perfected,  in  the  simpler  house  of  an  allied 
animal,  the  Musk  Eat  {Fiber  zibethicus)  which,  however,^ 
Hearne*  says  is  something  like  that  of  the  Beaver.  The 
solitary  Beavers  of  Europe  do  not  practise,  or  have  lost  the 
greater  part  of  their  constructive  instincts.  Certain  species 
of  Eats  now  uniformly  inhabit  the  roofs  of  houses,t  but  other 
species  keep  to  hollow  trees — a  change  analogous  to  that  in 
swallows.  Dr.  Andrew  Smith  informs  me  that  in  the  unin- 
habited parts  of  S.  Africa  the  hysenas  do  not  live  in  burrows, 
whilst  in  the  inhabited  and  disturbed  parts  they  do.J  Several 
mammals  and  birds  usually  inhabit  burrows  made  by  other 
.species,  but  when  such  do  not  exist,  they  excavate  their  own 
liabitations.§ 

In  the  genus  Osmia,  one  of  the  Bee  family,  the  several 
species  not  only  offer  the  most  remarkable  differences,  as 
described  by  Mr.  F.  Smith||  in  their  instincts ;  but  the  indi- 
viduals of  the  same  species  vary  to  an  unusual  degi'ee  in  this 
respect ;  thus  illustrating  the  rule,  which  certainly  seems  to 

*  Searne'a  Travels,  p.  880.  Hearne  has  given  the  best  description  (pp. 
227-236)  ever  published  of  the  hihits  of  the  Beaver. 

t  Rev.  L.  Jenyns  in  Idnn.  Trans.,  vol.  xvi,  p.  166. 

X  A  case  sometimes  quoted  of  Hares  having  made  burrows  in  an  exposed 
Bitnation  {Anns,  of  Nat.  Hist.,  vol.  v,  p.  862),  seems  to  me  to  require  voriflca* 
tion :  were  not  the  old  rabbit-burrows  used  P 

§  Zoology  of  the  Voyage  of  the  Beagle,  "  Mammalia,"  p.  90. 

II  Catalogue  of  British  Symenoptera,  l^hh,  ■g.  \fild. 
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hold  in  corporeal  structures,  namely,  that  the  parts  which 
differ  most  in  allied  species,  are  apt  also  to  vary  most  in  the 
same  species.  Another  Bee,  the  Megachilc  niaritinia,  as  I  am 
informed  by  Mr.  Smith,  near  the  sea  makes  its  burrows  in  the 
sand-banks,  whilst  in  wooded  districts  it  bores  holes  in  posts.* 

I  have  now  discussed  several  of  the  most  extraordinary 
classes  of  instincts ;  but  I  have  still  a  few  miscellaneous 
remarks  which  seem  to  me  worth  making.  First  for  a  few 
cases  of  variation  which  have  struck  me :  a  spider  which  had 
been  crippled  and  could  not  spin  its  web,  changed  its  habits 
from  compulsion  into  hunting — ^which  is  the  regular  habit  of 
one  large  group  of  spiders.f  Some  insects  have  two  very 
different  instincts  imder  different  circumstances,  or  at  different 
times  of  life ;  and  one  of  the  two  might  through  natural  selec- 
tion be  retained,  and  so  cause  an  apparently  abrupt  difference 
in  instinct  in  relation  to  the  insects'  nearest  allies :  thus  the 
larva  of  a  beetle  (the  Cionu<i  scropJmlaince),  when  bred  on  the 
scrophularia,  exudes  a  viscid  substance,  which  makes  a  trans- 
parent bladder,  within  which  it  undergoes  its  metamorphosis  ; 
but  the  larva  when  naturally  bred,  or  transported  by  mail,  on 
to  a  verbascum,  becomes  a  burrower,  and  undergoes  its  meta- 
morphosis within  a  leaf  J  In  the  caterpillars  of  certain  moths 
there  are  two  great  classes,  those  which  burrow  in  the  paren- 
chyma of  leaves,  and  those  which  roll  up  leaves  with  consum- 
mate skill:  some  few  caterpillars  in  their  early  age  are 
burrowers,  and  then  become  leaf -rollers ;  and  this  change  was 
justly  considered  so  great,  that  it  was  only  lately  discovered 
that  the  caterpillars  belonged  to  the  same  species.§  The 
Angoumois  moth  usually  has  two  broods:  the  first  are 
hatched  in  the  spring  from  eggs  laid  in  the  autumn  on  grams 
of  corn  stored  in  granaries,  and  then  immediately  take  flight 
to  the  fields  and  lay  their  eggs  on  the  standing  corn,  instead 
of  on  the  naked  grains  stored  all  round  them :  the  moths  of 
the  second  brood  (produced  from  the  eggs  laid  on  the  standing 
corn)  are  hatched  in  the  granaries,  and  then  do  not  leave  the 
granaries,  but  deposit  their  eggs  on  the  grains  around  them  ; 
and  from  these  eggs  proceed  the  vernal  brood  which  have  the 

*  [Here  follows  a  section  on  the  instincts  of  ParMitism,  SlaTe-making,  and 
Cell-making,  which  is  published  in  the  Origin  of  Species. — Q-.  J.  R.] 
t  Quoted  on  authority  of  Sir  J.  Banks  in  Journal  Linn.  Sac. 
X  P.  Huber  in  MSm.  Soc.  Phi/s.  de  Qenive,  tome  x,  p.  33. 
§  Westwood,  in  Gardeners'  Chronicle,  1852,  p.  261. 
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different  instinct  of  laying  on  the  standing  corn.*  Some  hunt- 
ing spiders,  when  they  have  eggs  and  young,  give  up  hunting 
and  spin  a  web  wherewith  to  catch  prey:  this  is  the  case 
with  a  Salticus,  which  lays  its  eggs  within  snail-shells,  and  at 
that  time  spins  a  large  vertical  web.f  The  pupse  of  a  species 
of  Formica  are  sometimesX  uncovered,  or  not  enclosed  within 
cocoons ;  this  certainly  is  a  highly  remarkable  variation ;  the 
same  thing  is  said  to  occur  with  the  common  Pulex.  Ijord 
Brougham§  gives  us  a  remarkable  case  of  instinct,  namely,  the 
chicken  within  the  shell  pecking  a  hole  and  then  "  chipping 
with  its  bill-scale  till  it  has  cut  off  a  segment  from  the  shell. 
It  alwa}'s  moves  from  right  to  left,  and  it  always  cuts  off  the 
segment  from  the  big  end."  But  the  instinct  is  not  quite  so 
invariable,  for  I  was  assured  at  the  Eccalobeion  (May,  1840) 
that  cases  have  occurred  of  chickens  having  commenced  so 
close  to  the  broad  end,  that  they  could  not  escape  from  the 
hole  thus  made,  and  had  consequently  to  commence  chipping 
again  so  as  to  remove  another  and  larger  rim  of  shell :  more- 
over occasionally  they  have  begun  at  the  narrow  end  of  the 
shell.  The  fact  of  the  occasional  regurgitation  of  its  food  by 
the  Kangaroo!!  ought,  perhaps,  to  be  considered  as  due  to  an 
intermediate  or  variable  modification  of  structure,  rather 
than  of  instinct;  but  it  is  worth  notice.  It  is  notorious 
that  the  same  species  of  Bird  has  slightly  different  vocal 
powers  in  different  districts;  and  an  excellent  observer 
remarks  that  "  an  Irish  covey  of  Partridges  springs  without 
uttering  a  call,  whilst  on  the  opposite  coast  the  Scotch  covey 
sluieks  with  all  its  might  when  sprung."ir  Bechstein  says 
that  from  many  years'  experience  he  is  certain  that  in  the 
nightingale  a  tendency  to  sing  in  the  middle  of  the  night  or 
in  the  day  runs  in  families  and  is  strictly  inherited.**  It  is 
remarkable  that  many  birds  have  the  capacity  of  piping  long 
and  difficult  tunes,  and  others,  as  the  Magpie,  of  imitating 


*  Bonnet,  quoted  by  Kirby  and  Spenoe,  Untomology,  vol.  ii,  p.  480. 

t  Dug^s  in  Anns,  dea  Sci.  Nat,,  2nd  series,  tome  vi,  p.  196. 

X  F.  Smith  in  Trant.  Ent.  Soc,  toL  iii,  N.S.,  Jft.  iii,  p.  97;  and  De  Geer, 
quoted  by  Kirby  and  Spence,  Entomology,  toL  iii,  p.  227. 

§  Dissertation  on  Natural  Theology,  vol.  i,  p.  117. 

II  W.  0.  Martin  in  Mag.  vf  Nat.  Hist.,  N.S.,  vol.  ii,  p.  828. 

'IT  W.  Thompson,  in  Nat,  Hist.  Ireland,  vol.*  ii,  p.  66,  says  that  he  has 
observed  this,  and  that  it  is  well  known  to  sportsmen. 

**  Stmben-vdgel,  1840,  s.  828.  See  on  different  powers  of  singing  in 
different  places,  s.  205  and  265. 
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all  sorts  of  sounds,  and  yet  that  in  a  state  of  nature  they 
never  display  these  powers.* 

As  there  is  often  much  difficulty  in  imagining  how  an 
instinct  could  first  have  arisen,  it  may  be  worth  while  to  give 
a  few,  out  of  many  cases,  of  occasional  and  curious  habits, 
which  cannot  be  considered  as  regular  instincts,  but  which 
might,  according  to  our  views,  give  rise  to  such.  Thus, 
several  cases  are  on  recordf  of  insects  which  naturally  have 
very  different  habits  having  been  hatched  within  the  bodies 
of  men — a  most  remarkable  fact  considering  the  temperature 
to  which  they  have  been  exposed,  and  which  may  explain 
the  origin  of  the  instinct  of  the  Gad-fly  or  (Estrus.  We  can 
see  how  the  clr  est  association  might  be  developed  in 
Swallows,  for  LamarckJ  saw  a  dozen  of  these  birds  aiding  a 
pair,  whose  nest  had  been  taken,  so  effectually  that  it  was 
completed  on  the  second  day ;  and  from  the  facts  given  by 
Macgillivray§  it  is  impossible  to  doubt  that  the  ancient 
accounts  are  true  of  the  Martins  sometimes  associating  and 
entombing  alive  sparrows  which  have  taken  possession  of  one 
of  their  nests.  It  is  well  known  that  the  Hive-bees  which 
have  been  neglected  "  get  a  habit  of  pillaging  from  their  more 
industrious  neighbours,"  and  are  then  called  corsairs ;  and 
Huber  gives  a  far  more  remarkable  case  of  some  Hive-bees 
which  took  almost  entire  possession  of  the  nest  of  a  Humble- 
bee,  and  for  three  weeks  the  latter  went  on  collecting  honey 
and  then  regorged  it  at  the  solicitation,  without  any  violence, 
of  the  Humble-bee.||  We  are  thus  reminded  of  *^'^.ose  Gulls 
{Lestris)  which  exclusively  live  by  pursuing  other  gulls  and 
compelling  them  to  disgorge  their  food.f 

In  the  Hive  -bee  actions  are  occasionally  performed  which 

•  BlackwpU'B  Researches  in  Zoology,  1884,  p.  158.  Cuvier  long  ago 
remarked  that  all  bhe  passeres  have  apparently  a  similar  structure  in  their 
vocal  organs ;  and  yet  only  a  few,  and  these  the  males,  sing  |  showing  that 
fitting  structure  does  not  always  give  rise  to  corresponding  habits.  [Ooncem- 
ing  birds  which  imitate  sounds  when  in  captivity  not  doing  so  in  a  state  of 
nature,  see  p.  222,  where  (here  is  evidence  of  certain  wild  birds  imitating  the 
sounds  of  other  speiies. — Or.  J.  B.] 

t  Rev.  L.  Jenyns,  Observations  in  Nat.  Hist.,  1R46,  p.  280. 

X  Quoted  by  Geoffky  St.  Hilaire  in  Anns,  des  Mus.,  tome  ix,  p.  471. 

§  PHtish  Bi*tls,  vol.  iii,  p.  591. 

II  Kirby  and  Spenoe,  Entomology,  vol.  ii,  p.  207.  The  case  given  by 
Huber  is  at  p.  119. 

IT  There  is  reason  to  suspect  (Macgillivray,  British  Birds,  vol.  v,  p.  600) 
that  some  of  the  species  can  only  digest  food  which  has  been  partially 
digested  by  other  birds. 
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we  must  rank  amongst  the  most  wonderful  of  instincts ;  and 
yet  these  instincts  must  often  have  been  dormant  during 
many  generations :  I  refer  to  the  death  of  the  queen,  when 
several  worker-larvae  are  necessarily  destroyed,  and  being 
placed  in  large  cells  and  reared  on  royal  food,  are  thus 
rendered  fertile :  so  again  when  a  hive  has  its  queen,  the 
males  are  all  infallibly  killed  by  the  workers  in  autumn  ;  but 
if  the  hive  has  no  queen,  not  a  single  drone  is  ever  de- 
stroyed.* Perhaps  a  ray  of  light  is  thrown  by  our  theory  on 
these  mysterious  but  well  ascertained  facts,  by  considering 
that  the  analogy  of  other  members  of  the  Bee  family  would 
lead  us  to  believe  that  the  Hive-bee  is  descended  from  other 
Bees  which  regularly  had  many  females  inhabiting  the  same 
nest  during  the  whole  season,  and  which  never  destroyed 
their  own  males ;  so  that  not  to  destroy  the  males  and  to 
give  the  normal  food  to  additional  larvae,  perhaps  is  only  a 
reversion  to  an  ancestral  instinct,  and,  as  in  the  case  of 
corporeal  structures  reverting,  is  apt  to  occur  after  many 
generations.! 

I  will  now  refer  to  a  few  cases  of  special  difficulty  on  our 
theory — ^most  of  them  parallel  to  those  which  I  adduced 
when  discussing  in  Chapter  VIII  corporeal  structures.  Thus 
we  occasionally  meet  with  the  same  peculiar  instinct  in 
animals  widely  remote  in  the  scale  of  nature,  and  which  conse- 
quently cannot  have  derived  the  pecuharity  from  community 
of  descent.  The  Molothrus  (a  bird  something  like  a  starling) 
of  N.  and  S.  America  has  precisely  the  same  habits  with  the 
Cuckoo ;  but  parasitism  is  so  common  throughout  nature  that 
this  coinciccnce  is  not  very  surprising.  The  parallelism  in 
instinct  between  the  White  Ants,  belonging  to  the  Neurop- 
tera,  and  ants  belonging  to  the  Hymenoptera,  is  a  far  more 
wonderful  fact  j  but  the  parallelism  seems  to  be  very  far  from 
close.  Perhaps  as  remarkable  a  case  as  any  on  record  of  the 
same  instinct  having  been  independently  acquired  in  two 
animals  very  remote  from  each  other  in  relationship,  is  that 
of  a  Neuropterous  and  a  Dipterous  larva  digging  a  conical 

*  Kirby  and  Spence,  Entomology,  vol.  ii,  pp.  610-18. 

t  [Concerning  the  question  why  there  are  so  many  drones  as  to  require 
killing,  see  Animal  Intelligence,  p.  166,  where  I  suggest  that  among  the 
ancestors  of  the  Hive-bee  the  males  may  have  been  of  use  as  workers.  But 
possibly  the  drones  may  even  now  be  of  use  as  nurses  to  the  larvee,  for  I  am 
told  by  an  expericnoea  bee-keeper  tliat  he  believes  this  to  be  the  case. — 
O.J.B.] 
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pit-fall  in  loose  sand,  lying  motionless  at  the  bottom,  and  if 
the  prey  is  about  to  escape,  casting  jets  of  sand  all  round.* 

It  has  been  asserted  that  animals  are  endowed  with 
instincts,  not  for  their  own  individual  good,  or  for  that  of 
their  own  social  bodies,  but  for  the  good  of  other  species, 
though  leading  to  their  own  destruction :  it  has  been  said 
that  fishes  migrate  that  birds  and  other  animals  may  prey  on 
them  :  f  this  is  impossible  on  our  theory  of  natural  selection 
of  self-profitable  modification  of  instinct.  But  I  have  met 
with  no  facts  in  support  of  this  belief  worthy  of  considera- 
tion. Mistakes  of  instinct,  as  we  shall  presently  see,  may  in 
some  cases  do  injury  to  a  species  and  profit  another;  one 
species  may  be  compelled,  or  even  apparently  induced  by 
persuasion,  to  yield  up  its  food  or  secretion  to  another  species; 
but  that  any  animal  has  been  specially  endowed  with  an 
instinct  leading  to  its  own  destruction  or  harm,  I  cannot 
believe  without  better  evidence  than  has  hitherto  been 
adduced. 

An  instinct  performed  only  once  during  the  life  of  an 
animal  appears  at  first  sight  a  great  difficulty  on  our  theory ; 
but  if  indispensable  to  the  animal's  existence,  there  is  no 
valid  reason  why  it  should  not  have  been  acquired  through 
natural  selection,  like  corporeal  structures  used  only  on  one 
occasion,  like  the  hard  tip  to  the  chicken's  beak,  or  like  the 
temporary  jaws  of  the  pupa  of  the  Caddis-fly  or  Phryganea, 
which  are  exclusively  used  for  cutting  open  the  silken  doors 
of  its  curious  case,  and  which  are  then  thrown  off  for  ever.l 
Nevertheless  it  is  impossible  not  to  feel  unbounded  astonish- 
ment, when  one  reads  of  such  cases  as  that  of  a  caterpillar 
first  suspending  itself  by  its  tail  to  a  little  hillock  of  silk 
attached  to  some  object,  and  then  undergoing  its  meta- 
morphosis ;  then  after  a  time  splitting  open  one  side  and 
exposing  the  pupa,  destitute  of  limbs  or  organs  of  sense  and 
lying  loose  within  the  lower  part  of  the  old  bag-like  split 
skin  of  the  caterpillar :  this  skin  serves  as  a  ladder  which  the 
pupa  ascends  by  seizing  on  portions  between  the  creases  of 
Its  abdominal  segments,  and  then  searching  with  its  tail, 
which  is  provided  with  little  hooks,  thus  attaches  itself,  and 

*  Kirby  and  Spence,  Entomology,  vol.  i,  pp.  429-435. 
t  LinnsBUB   in   Amoenilates   Academieee,   vol.  ii;  unci  Prof.  Alison   on 
"  Instinct "  in  Toi^d's  CycL  of  Anat.  and  Physiol.,  p.  15. 
X  Kirby  and       .'noc,  Entomology,  vol.  iii,  p.  287. 
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afterwards  disengages  and  casts  off  the  skin  which  had  served 
it  for  a  ladder.*  I  am  tempted  to  give  one  other  analogous 
case,  that  of  the  caterpillar  of  a  Butterfly  (Thekla),  which 
feeds  within  the  pomegranate,  but  when  full  fed  gnaws  its 
way  out  (thus  making  the  exit  of  the  butterfly  possible  before 
its  wings  are  fully  expanded),  and  then  attaches  with  silk 
threads  the  point  to  the  branch  of  the  tree,  that  it  may  not 
fall  before  the  metamorphosis  is  complete.  Hence,  as  in  so 
many  other  cases,  the  larva  works  on  this  occasion  for  the 
safety  of  the  pupa  and  of  the  mature  insect.  Our  astonish- 
ment at  this  manoeuvre  is  lessened  in  a  very  slight  degree 
when  we  hear  that  several  caterpillars  attach  more  or  less 
perfectly  with  silken  threads  leaves  to  the  stems  for  their 
own  safety ;  and  that  another  caterpillar,  before  changing 
into  a  pupa,  bends  the  edges  of  a  leaf  together,  coats  one 
surface  with  a  silk  web,  and  attaches  this  web  to  the  foot- 
stalk and  branch  of  the  tree;  the  leaf  afterwards  becomes 
brittle  and  separates,  leaving  the  silken  cocoon  attached  to 
the  footstalk  and  branch  ;  in  this  case  the  process  differs  but 
little  from  tiie  ordinary  formation  of  a  cocoon  and  its  attach- 
ment to  any  object.t 

A  really  far  greater  difficulty  is  offered  by  those  cases  in 
which  the  instincts  of  a  species  differ  greatly  from  those  of 
its  related  forms.  This  is  the  case  with  the  above  mentioned 
Thekla  of  the  pomegranate;  and  no  doubt  many  instances 
could  be  collected.  But  we  should  never  forget  what  a  small 
proportion  the  living  must  bear  to  the  extinct  amongst 
insects,  the  several  orders  of  which  have  so  long  existed  on 
this  earth.  Moreover,  just  in  the  same  way  as  with  corporeal 
structures,  I  have  been  surprised  how  often  when  I  thought 
I  had  got  a  case  of  a  perfectly  isolated  instinct,  I  found  on 
further  enquiry  at  least  some  traces  of  a  graduated  series. 

I  hp  ^  not  rarely  felt  that  small  and  trifling  instincts 
were  a  g,rcater  difficulty  on  our  theory  than  those  which 
have  so  justly  excited  the  wonder  of  mankind;  for  an 
instinct,  if  really  of  no  considerable  importance  in  the 
struggle  for  life,  could  not  be  modified  or  formed  through 
natural  selection.  Perhaps  as  striking  an  instance  as  can  be 
given  is  that  of  the  worker  of  the  Hive-bee  arranged  in  files 
and  ventilating,  by  a  peculiar  movement  of  their  wings,  the 

*  Sarby  and  Spence,  Entomology^  toL  iii,  pp.  208-11. 
t  J.  O.  Westwood  in  Trans.  Entomol.  Soc,,  toL  ii,  p.  1. 
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well-closed  hive :  this  ventilation  has  been  artificially  imi- 
tated,* and  as  it  is  carried  on  even  during  winter,  there  can 
be  no  doubt  that  it  is  to  bring  in  free  air  and  displace  the 
therefore  it  is  in  truth  indispensable,  and 
the  stages — a  few  bees  first  going  to  the 


carbonic  acid  gas 
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orifice  to  fan  themselves — by  which  the  instinct  might  have 
been  arrived  at.  We  admire  the  instinctive  caution  of  the 
hen-pheasant  which  leads  her,  as  Waterton  remarked,  to  fly 
from  her  nest  and  so  leave  no  track  to  be  scented  out  by 
beasts  of  prey ;  but  this  again  may  well  be  of  high  import- 
ance to  the  species.  It  is  more  surprising  that  instinct 
should  lead  small  nesting  birds  to  remove  their  broken  eggs 
and  the  early  mutings,  whereas  with  partridges,  the  young  of 
which  immediately  follow  their  parents,  the  broken  eggs  are 
left  round  the  nest ;  but  when  we  hear  that  the  nests  of 
those  birds  (Halcyonidie)  in  which  the  mutings  are  not 
enclosed  by  a  film,  and  so  can  hardly  be  removed  by  the 
parent,  are  thus  "rendered  very  conspicuous ;"t  and  wh-^n 
we  remember  how  many  nests  are  destroyed  by  cats,  we 
cannot  any  longer  consider  them  instincts  of  trifling  import- 
ance. But  some  instincts  one  can  hardly  avoid  looking  at  as 
mere  tricks,  or  sometimes  as  play :  an  Abyssinian  pigeon 
when  fired  at,  plunges  down  so  as  to  almost  touch  the  sports- 
man, and  then  mounts  to  an  immoderate  height  :t  the 
Bizcacha  (Lagostomus)  almost  invariably  collects  all  sorts  of 
rubbish,  bones,  stones,  dry  dung,  &c.,  near  its  bun'ow : 
G'  "ncoes  have  the  habit*  of  returning  (like  Flies)  to  the 
same  spot  to  drop  their  excrement,  and  I  saw  one  heap  eight 
feet  in  diameter ;  as  this  habit  is  common  to  all  the  species 
of  the  genus,  it  must  be  instinctive,  but  it  is  hard  to  beheve 
tliat  it  can  be  of  any  use  to  the  animal,  though  it  is  to  the 
Peruvians,  who  use  the  dried  dung  for  fuel.§  Many  analogous 
facts  could  probably  be  collected. 

Wonderful  and  admirable  as  most  instincts  are,  yet  they 
cannot  be  considered  as  absolutely  perfect :   there  is  a  con- 
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*  Kirby  and  Spenoe,  Entomology,  vol.  ii,  p.  193. 

t  Blyth  in  Maff.  of  Nat.  Hist.,  N.S.,  vol.  li. 

i  Bruce^s  Travels,  vol.  v,  p.  187. 

§  See  my  Journal  of  Researches,  p.  167  for  the  Ouanaco;  for  the 
Biiicaoha,  p.  146.  Si  any  odd  instinct*  are  connected  with  the  excrement  ot 
animals,  aa  with  the  wild  Horse  of  S.  America  (see  Axara^s  Travels,  vol.  i, 

S.  378),  with  the  common  House  Fly  and  with  Dogs;  see  on  the  urinary 
pposits  of  the  Hyrax,  Livingston's  Missionary  Travels,  p.  22.         i.^' 
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stant  struggle  going  on  throughout  nature  between  the 
instinct  of  the  one  to  escape  its  enemy  and  of  the  other  to 
secure  its  prey.  If  the  instinct  of  the  Spider  be  admirable, 
that  of  the  Fly  which  rushes  into  its  toils  is  so  far  inferior. 
Rare  and  occasional  sources  of  danger  are  not  avoided:  if 
death  inevitably  ensues,  and  creatures  cannot  have  learnt  by 
seeing  others  suffer,  it  seems  that  no  guardian  instinct  is 
acquired :  thus  the  ground  within  a  solfortara  in  Ja,va  is 
strewed  with  the  carcases  of  tigers,  birds,  and  masses  of 
insects  killed  by  the  noxious  exhalations,  with  their  flesh, 
hairs,  and  feathers  preserved,  but  their  bones  entu-ely  con- 
sumed.* Migratory  instinct  not  rarely  fails,  and  the  animals, 
as  we  have  seen,  are  lost.  What  ought  we  to  think  of  the 
strong  impulse  which  leads  Lemmings,  Squirrels,  Ermines,t 
and  many  other  animals  which  are  not  regularly  migratory, 
occasionally  to  congregate  and  pursue  a  headlong  course, 
across  great  rivers,  lakes,  and  even  into  the  sea,,  where  vast 
numbers  perish ;  and  ultimately  it  would  appear  that  all 
perish  ?  The  country  being  overstocked  seems  to  cause  the 
original  impulse ;  but  it  is  doubtful  whether  in  all  cases 
scarcity  actually  prevails.  The  whole  case  is  quite  inex- 
plicable. Does  the  same  feeling  act  on  these  animals  which 
causes  men  to  congregate  under  distress  and  fear ;  and  are 
these  occasional  migrations,  or  rather  emigrations,  a  forlorn 
hope  to  find  a  new  and  better  land  ?  The  occasional  emigra- 
tions of  insects  of  many  kinds  associated  together,  which,  as 
I  have  witnessed,  must  perish  by  countless  myriads  in  the 
sea,  are  still  more  remarkable,  as  they  belong  to  families  none 
of  which  are  naturally  social  or  even  migratory.^ 

*  Von  £ucli,  Descript.  Phys.  des  lies  Canaries,  1836,  p.  423,  on  tlio 
excellent  authority  of  M.  Reinwardts. 

t  L.  Lloyd,  Scandinavian  Adventure,  1854,  vol.  ii,  p.  77,  gives  an  excellent 
account  of  the  migration  of  Lemmings:  when  swimming  across  a  lake,  if 
they  meet  a  boat,  they  crawl  up  one  side  and  down  the  opposite  side.  Qreat 
migrations  took  place  in  1789,  1807,  1808,  1813,  1823.  IJltimately  all  seem 
to  perish.  See  Hogstrom's  account  in  Swedixh  Acts,  vol.  iv,  1763,  of  ermines 
migrating  and  entering  the  sea.  See  Bachr.  an's  account  in  Mag.  of  Nat,  Hist., 
N.S.,  vol.  iii,  1839,  p.  229,  of  the  migration  of  squirrels;  they  are  bad 
swimmers  and  get  across  great  rivers. 

X  Mr.  Spence  in  his  Anniversary  address  to  the  Entomological  Society, 
1848,  has  some  excellent  remarks  on  the  occasional  migration  of  insects,  and 
shows  how  inexplicable  the  case  is.  See  also  Kirby  and  Spenco,  Entomology, 
vol.  ii,  p.  12  J  and  Weissenbom  in  Mag.  of  Nat.  Hist.,  N.S.,  1834,  vol.  iii, 
p.  516,  for  interesting  details  on  a  great  migration  of  Libellulo),  generally 
along  the  course  of  rivers. 
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The  social  instinct  is  indispensable  to  some  animals, 
useful  to  still  more  for  the  ready  notice  of  danger,  and  appa- 
rently only  pleasant  to  some  few  animals.  But  one  cannot 
avoid  thinking  that  this  instinct  is  carried  in  some  cases  to 
an  injurious  excess:  the  antelopes  in  S.  Africa  and  the 
Passenger  Pigeons  in  N.  America  are  followed  by  hosts  of 
carnivorous  beasts  and  birds,  which  could  hardly  be  supported 
in  such  numbers  if  their  prey  were  scattered.  The  Bison  of 
IT.  America  migrates  in  such  vast  bodies,  that  when  they 
come  to  naiTow  passes  in  the  river-cliffs,  the  foremost,  accord- 
ing to  Lewis  and  Clarke(?),*  are  often  pushed  over  the 
precipice  and  dashed  to  pieces.  Can  we  believe  when  a 
wounded  herbivorous  animal  returns  to  its  own  herd  and  is 
then  attacked  and  gored,  that  this  cruel  and  very  common 
instinct  is  of  any  service  to  the  species?  It  has  been  re- 
markedt  that  with  Deer,  only  those  which  have  been  much 
chased  with  dogs  are  led  by  a  sense  of  self-pres(  rvation  to 
expel  their  pursued  or  wounded  companion,  who  will  bring 
danger  on  the  herd.  But  the  fearless  wild  elephants  will 
"  ungenerously  attack  one  which  has  escaped  into  the  jungles 
with  the  bandages  still  upon  its  legs."|  And  I  have  seen 
domestic  pigeons  attack  and  badly  wound  sick  or  young  and 
fallen  birds. 

The  cock-pheasant  crows  loudly,  as  everyone  may  hear, 
when  going  to  roost,  and  is  thus  betrayed  to  the  poacher.§  The 
wild  Hen  of  India,  as  I  am  informed  by  Mr.  Blyth,  chuckles 
like  her  domesticated  offspring,  when  she  has  laid  an  egg ; 
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*  [The  note  of  interrogation  is  in  the  MS. — Q-.  J.  R.] 

t  W.  Sorope,  Art  of  Deer  Stalking,  p.  23. 

X  Corse,  in  Asiatic  Researches,  vol.  iii,  p.  272.  This  ftuit  is  the  more 
strange  as  an  Elephant  which  had  escaped  from  a  pit  was  seen  by  many 
witnesses  to  stop  and  assist  with  his  trunk  his  companion  in  getting  out  of 
the  pit  {Atheneeum,  1840,  p.  238).  Capt.  Sulivan,  B.N.,  informs  me  that  he 
watched  for  more  than  half  an  hour,  at  the  Falkland  Islands,  a  Logger- 
headed  Duck  defending  a  wounded  Upland  Goose  from  the  repeated  attacks 
of  a  Carrion  Hawk.  The  upland  goose  first  took  to  the  water,  and  the  duck 
swam  close  alongside  her,  always  defending  her  with  its  strong  beak;  when 
the  goose  crawl^  ashore,  the  duck  followed,  going  round  and  round  her,  and 
when  the  goose  again  took  to  the  sea  the  duck  was  still  vigorously  defending 
her  J  yet  at  other  times  this  duck  never  associates  with  this  goose,  for  their 
food  and  place  of  habitation  aro  utterly  different.  I  very  much  fear,  from 
what  we  see  of  little  birds  chasing  hawks,  that  it  would  be  more  philosophical 
to  attribute  this  conduct  in  the  duck  to  hatred  of  the  carrion  hawk  nither 
than  to  benevolence  for  the  goose. 

§  Ber.  L.  Jenyns,  Obtervatioiu  in  Natural  History,  1846,  p.  100. 
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and  the  natives  thus  discover  her  nest.  In  La  Plata  the 
Fumarius  builds  a  large  oven-like  nest  of  mud  in  as  con- 
spicuous a  place  as  possible,  on  a  bare  rock,  on  the  top  of  a 
post,  or  cactus-stem ;  *  and  in  a  thickly  peopled  country,  with 
mischievous  boys,  would  soon  be  exterminated.  The  great 
Butcher-bird  conceals  its  nest  very  badly,  and  the  male 
during  incubation,  and  the  female  after  her  eggs  are  hatched, 
betray  the  nest  by  their  repeated  harsh  cries.t  So  again  a 
kind  of  Shrew-mouse  at  the  Mauritius  continually  betrays 
itself  by  screaming  out  as  soon  as  approached.  Nor  ought 
we  to  say  that  these  failures  of  instinct  are  unimportant,  as 
principally  concerning  man  alone ;  for,  as  we  see  instinctive 
wildness  directed  towards  man,  there  seems  no  reason  why 
other  instincts  should  not  be  related  to  him. 

The  number  of  eggs  of  the  American  Ostrich  scattered 
over  the  country,  and  so  wasted,  has  already  been  noticed. 
The  Cuckoo  sometimes  lays  two  eggs  in  the  same  nest,  leading 
to  the  sure  rejection  of  one  of  the  two  young  birds.  Flies,  it 
has  often  been  asserted,  frequently  make  mistakes,  and  lay 
their  eggs  in  substances  not  fitted  for  the  nourishment  of 
their  larvje.  A  SpiderJ  will  eagerly  seize  a  little  ball  of  cotton 
when  deprived  of  her  eggs,  embedded  as  they  are  in  a  silken 
envelope ;  but  if  a  choice  be  given  her,  she  will  prefer  her  own 
eggs,  and  will  not  always  seize  the  ball  of  cotton  a  second 
time :  so  that  we  see  sense  or  reason  here  correcting  a  first 
mistake.  Little  birds  often  gratify  their  hatred  by  pursuing 
a  Hawk,  and  perhaps  by  so  doing  distract  its  attention ;  but 
they  often  mistake  and  persecute  (as  I  have  seen)  any  inno- 
cent and  foreign  species.  Foxes  and  other  carnivorous 
beasts  often  destroy  far  more  prey  than  they  can  devour  or 
carry  away :  the  Bee  Cuckoo  kills  a  vast  number  more  bees 
than  she  can  eat,  and  *'  unwisely  pursues  without  interruption 
tliis  pastime  all  the  day  long."§  A  queen  Hive-bee  confined 
by  Huber,  so  that  she  could  not  lay  her  eggs  in  worker  cells, 
would  not  deposit,  but  dropped  them,  upon  which  the 
workers  devoured  them.  An  unfertilized  queen  can  lay  only 
male  eggs,  but  these  she  deposits  in  worker  and  royal  cells — 
an  aberration  of  instinct  not  surprising  under  the  ckcum- 

•  Journal  of  Beiearches,  p.  95. 
t  Knapp,  Journal  of  a  jfaturaliat,  p.  188. 

t  These  facts  arc  given  by  Dug^s   in  Anns,  des  8c,  Nat,,  2nd  series 
tome  vi,  p.  196. . 

§  Bruce's  Travels  m  Abyssinia,  vol.  T,  p.  179. 
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stances ;  but  "  the  workers  themselves  act  as  if  they  suffered 
in  their  instinct  from  the  imperfect  state  of  their  queen,  for 
they  fed  these  male  larva?  with  royal  jelly  and  treat  them 
as  they  would  a  real  queen."*  But  what  is  more  surprising, 
the  workers  of  Humble-bees  habitually  endeavour  to  seize 
and  devour  the  eggs  of  their  own  queens ;  and  the  utmost 
activity  of  the  mothers  is  "  scarcely  adequate  to  prevent  this 
violence."t  Can  this  strange  instinctive  habit  be  of  any 
service  to  the  Bee  ?  Seeing  the  innumerable  and  admirable 
instincts  all  directed  to  rear  and  multiply  young,  can  we 
believe,  with  Kirby  and  Spence,  that  this  strange  aberrant 
instinct  is  given  them  "  to  keep  the  population  withhi 
due  bounds  ?"  Can  the  instinct  which  leads  the  female 
spider  savagely  to  attack  and  devour  the  male  after  pairing 
with  him{  be  of  service  to  the  species  ?  The  carcase 
of  her  husband  no  doubt  nourishes  her ;  and  without  some 
better  explanation  can  be  given,  we  are  thus  reduced  to  the 
grossest  utilitarianism,  compatible,  it  must  be  confessed,  with 
the  theory  of  natural  selection.  I  fear  that  to  the  foregoing 
cases  a  long  catalogue  could  be  added. 

Conclusion. — We  have  in  this  chapter  chiefly  considered 
the  instincts  of  animals  under  the  point  of  view  whether  it  is 
possible  that  they  could  have  been  acquired  through  the 
means  indicated  on  our  theory,  or  whether,  even  if  the  simpler 
ones  could  have  been  thus  acquired,  others  are  so  complex 
and  wonderful  that  they  must  have  been  specially  endowed, 
and  thus  overthrow  the  theory.  Bearing  in  mind  the  facts 
given  on  the  acquirement,  through  the  selection  of  self-origi- 
nating tricks  or  modification  of  instinct,  or  through  training 
and  habit,  aided  in  some  slight  degree  by  imitation,  of  here- 
ditary actions  and  dispositions  in  our  domesticated  animals ; 
and  their  parallelism  (subject  to  having  less  time)  to  the 
instincts  of  animals  in  a  state  of  nature :  bearing  in  mind 
that  in  a  state  of  nature  instincts  do  certainly  vary  in  some 
slight  degree :  bearing  in  mind  how  very  generally  we  find  in 
allied  but  distinct  animals  a  gradation  in  the  more  complex 
instincts,  which  show  that  it  is  at  least  possible  that  a  complex 
instinct  might  have  been  acquired  by  successive  steps ;   and 

•  Kirby  and  Spence,  Entomology,  vol.  ii,  p.  161  (3rd  ed.). 
t  Ibid.,  Tol.  i,  p.  88»). 

X  Ibid.,  Tol.  i,  p.  2t>0.    A  lone  list  of  several  insects  which  either  in 
their  larval  or  mature  cdndition  wifl  devour  each  other  is  given. 
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which  moreover  generally  indicate,  according  to  our  theory, 
the  actual  steps  by  which  the  instinct  has  been  acquired,  in 
as  much  as  we  suppose  allied  instincts  to  have  branched  off 
at  different  stages  of  descent  from  a  common  ancestor,  and 
therefore  to  have  retained,  more  or  less  unaltered,  the 
instincts  of  the  several  lineal  ancestral  forms  of  any  one 
species  :  bearing  all  this  in  mind,  together  with  the  certainty 
that  instincts  are  as  important  to  an  animal  as  their  generally 
correlated  structures,  and  that  in  the  struggle  for  life  under 
changing  conditions,  slight  modifications  of  instinct  could 
hardly  fail  occasionally  to  be  profitable  to  individuals,  I  can 
see  no  osrerwhelming  difficulty  on  our  theory.  Even  in  the 
most  marvellous  instinct  known,  that  of  the  cells  of  the 
Hive-bee,  we  have  seen  how  a  simple  instinctive  action  may 
lead  to  results  which  fill  the  mind  with  astonishment. 

Moreover  it  seems  to  me  that  the  very  general  fact  of  the 
gradation  of  complexity  of  instincts  within  the  limits  of  the 
same  group  of  animals ;  and  likewise  the  fact  of  two  allied 
species,  placed  in  two  distant  parts  of  the  world  and  sur- 
rounded by  wholly  different  conditions  of  life,  still  having 
very  much  in  common  in  their  instincts,  supports  our  theory 
of  descent ;  for  they  are  explained  by  it :  whereas  if  we  look 
at  each  instinct  as  specially  endowed,  we  can  only  say  that 
it  is  so.  The  imperfections  and  mistakes  of  instinct  on  our 
theory  cease  to  be  surprising :  indeed  it  would  be  wonderful 
that  far  more  nvmierous  and  flagrant  cases  could  not  be 
detected,  if  it  were  not  that  a  species  which  has  failed  to 
become  modified  and  so  far  perfected  in  its  instincts  that  it 
coidd  continue  struggling  with  the  co-inhabitants  of  the  same 
region,  would  simply  add  one  more  to  the  myriads  which 
have  become  extinct. 

It  may  not  be  logical,  but  to  my  imagination,  it  is  far  more 
satisfactory  to  look  at  the  young  cuckoo  ejecting  its  foster- 
brothers,  ants  making  slaves,  the  larvee  of  the  Ichneumidsa 
feeding  within  the  live  bodies  of  their  prey,  cats  playing  with 
mice,  otters  and  cormorants  with  living  fish,  not  as  instincts 
specially  given  by  the  Creator,  but  as  very  small  parts  of  one 
general  law  leading  to  the  advancement  of  all  organic  bodies 
— Multiply,  Vary,  let  the  strongest  Live  and  the  weakest 
Die. 
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instincts,  262  ;  on  instinct  of  feigning  injury,  316. 

Articulata,  special  senses  of,  66,  84-8 ;  memory  in,  123 ;  imagination  in, 
145-6  ;  instinct  of  in  feigning  death,  303,  et  seq, ;  emotions  of,  344 ; 
grade  of  mental  evolution  of,  349. 

Association  of  Ideas.     See  Ideas. 

Ataxy,  analogous  to  lunacy,  44. 

Audouin,  on  puppies  learning  to  imitate  cats,  223. 
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Auerbach,  on  dilemma-time  in  perception,  134-5. 
Aurelia  awrita,  nervous  system  of,  69. 


I 
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B. 

Bain,  Professor  Alexander,  on  associated  movements,  41,  48 ;  on  associa* 
tion  of  ideas,  120 ;  on  perception,  125 ;  on  ideas  as  faint  revivals  of 
perceptions,  142-3  ;  on  evolution  of  instinct,  256. 

Baines,  Mrs.  M.  A.,  on  a  puppy  learning  to  imitate  a  cat,  224. 

Banks,  Sir  J.,  on  modified  instincts  of  a  spider,  209. 

Barking,  instinct  of,  round  a  carriage,  182, 186 ;  instinct  of  an  ofPshoot  from 
acquired  instinct  of  protecting  master's  property,  235  ;  not  practised  by 
dogs  in  certain  parts  of  the  world,  250. 

Barrington,  on  birds  acquiring  songs  of  their  foster  parents,  222. 

Bastian,  Dr.,  on  sense  of  direction,  292-3 ;  on  intelligence  of  orang-outang, 
328. 

Bat,  sensibility  of  blinded,  94. 

Bateman,  Dr.  Frederick,  on  relation  of  intelligence  to  mass  of  brain,  44. 

Bates,  on  memory  of  Hymenoptera,  123. 

Batrachia.    See  Amphibia. 

Baxt,  on  reaction-time  as  increased  by  complexity  of  perception,  133. 

Bear,  becoming  omnivorous,  247. 

Beaver,  local  variation  of  instinct  in,  249 ;  relation  of  instinct  to  reason  in, 
329. 

Bechstein,  on  Birds,  149,  222-3,  245. 

Bees,  memory  in,  146 ;  instincts  of,  166-8, 174-5,  179,  203-9 ;  boring  holes 
in  corollas,  220-1 ;  local  variations  of  instincts  of,  245  ;  sense  of  direc- 
tion in,  290,  293-4 ;  cell-making  instinct  of,  317 ;  grade  of  mental 
evolution  of,  350. 

Beetles,  memoir  in,  123 ;  instincts  of  dung,  244. 

Begging,  hereditary  transmission  of,  in  dog  and  cat,  195-6. 

Belt,  on  memory  of  Hymenoptera,  123. 

Bembex,  instincts  of,  166, 191-2. 

Benevolence,  in  animals,  341,  345 ;  in  cats,  345-6. 

Bennet,  on  birds  dreaming,  149. 

Bevan,  the  Bev.  J.,  on  mistaken  instincts  of  bees  and  wasps,  167. 

Bidie,  Q-.,  on  alleged  instinct  of  scorpion  to  commit  suicide,  278  ;  on  a  bull 
feigning  death,  813-14. 

Binsley,  on  crabs  feigning  death,  805. 

Birds,  special  senses  of,  57 ;  sight,  91 ;  hearing,  91-2 ;  smell,  taste,  and 
touch,  92  ;  colour-sense,  99-100 ;  memory,  124  ;  perception,  131 ; 
dreaming,  149;  instincts  of  young,  161-5,  170-1;  mistaken  instincts 
of,  168;  trivial  and  useless  instincts  of,  176;  attachments  between 
different  species  of,  185,  and  with  other  animals,  183-5;  variations 
in  nest-bmlding  of,  209-12;  variations  in  incubating  instincts  of, 
212-17;  instinctive  singing  of,  222;  imitating  songs  of  other  birds, 
222-3;  teaching  their  young,  226-7;  local  vamtions  of  instincts  in, 
245-7;  specific  variations  of  instinct  in,  251-5;  flying  towards  light, 
279;  migration  of,  286-9,  295-7;  feigning  death,  303-6;  feigning 
injury,  316-17  ;  emotions  of,  345 ;  grade  of  mental  evolution  of,  351. 

Biscaoha,  instinct  of,  190. 

Black,  William,  on  migration  of  swallows,  246. 

Blackbird,  conveying  young,  211. 

Blaokie,  Professor,  on  colour-sense,  100. 
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Blaine,  on  Lord  Alford's  hounds,  198 ;  on  inherited  tendency  to  bark  in 

sporting  dogs,  286. 
Blue-bird,  local  Tariation  of  instinct  of,  210,  246. 
Blyth,  on  a  fox  feignine  death,  304. 
Bod,  on  carnivorous  habits  of  wasp,  245. 
Bond,  on  variation  in  nest  of  nut-hatch,  182. 
Bonelli,  Professor,  on  a  migration  of  butterflies,  286. 
Brain,  relation  of  intelligence  to  mass  of,  44-6. 
Brehm,  on  old  birds  educating  young,  226. 
Brent,  on  instincts  of  crossed  canaries,  199. 
Brewster,  Sir  D  ,  on  unconscious  inference  in  perception,  321. 
Brodie,  Sir  B.,  on  infants  remembering  taste  of  particular  mdk,  115  ;  on 

inheritance  of  instinct  as  due  to  cerebral  organization,  264. 
Brunelli,  on  stridulati.m  of  grasshopper,  86. 
Biyden,  Dr.  W.,  ca  a  monkey  feiening  death,  312-13. 
Buooola,  Dr.  Or.,  on  length  of  the  reaction-time  in  perception  among  the 

uneducated  and  idiotic,  138. 
Buchanan,  Professor,  on  imperfect  instincts  of  young  ferrets,  228. 
Buchner,  on  individual  dispositions  shown  by  ants,  183. 
Bull,  wildness  of  cross  between  Indian  and  common  cow,  199;  Brahmin 

feigning  death,  313-14. 
Burdach,  on  imagination  in  animals,  151. 
Burrowing,  instinct  of,  248-9. 
Burton,  F.  M.,  on  mistaken  instinct  of  a  moth,  167. 
Butterflies,  littoral,  continuing  to  frequent  an  area  whence  the  sea  has  retired^ 

246 ;  migration  of,  285-6. 


0. 

Caddice-fly,  instincts  of  the,  191. 

Calderwood,  Professor,  on  the  relation  of  intelligence  to  the  mass  of  the  brain;. 
44. 

Callin,  Or.,  on  sense  of  direction  in  man,  293. 

Cameleon,  sense  of  colour  in  the,  98. 

Canary,  diversity  of  individual  disposition  of  the,  182 ;  instincts  of  crossed 
breeds  of  the,  199  ;  instinctive  nidification  of  the,  226. 

Capon,  instincts  of  the,  171. 

Carpenter,  Dr.  W.  B.,  on  discrimination  shown  by  protoplasmic  organisms  ; 
on  acquired  habits,  181 ;  on  cats  not  howling  in  8.  America,  250 ;  on  a 
case  of  couching  for  cataract,  322 ;  on  inheritance  of  handwriting,  194. 

Carter,  H.  J.,  on  sensation  in  Bhizopoda,  80. 

Castration,  changes  produced  by,  on  instinct,  171-2. 

Cat,  idioeynoracies  of  the,  as  regards  mousing,  182  ;  associating  with  hares, 
&c.,  184  ;  hereditary  disposition  to  beg  in  a  family  of  the,  195  ;  rearing 
progeny  of  other  animals,  217-18 ;  loss  of  instinctive  wildness  of  the» 
under  domestication,  231 ;  not  howling  iu  S.  America,  249-50 ;  sense  of 
direction  in  the,  289  ;  cruelty  and  benevolence  in  the,  845-6  ;  under- 
standing of  mechanism  by  the,  351. 

Caterpillar,  instincts  of  the  processional,  342-3. 

Caterpillars,  migrations  of,  285. 

Cattle,  learning  to  avoid  poisouous  herbs,  224,  227 ;  instincts  of  wild 
under  domestication,  231 ;  dwindling  of  natural  instincts  of  in  Ger- 
many, 232 ;  sucking  bones,  247  ;  sense  of  direction  in,  290. 

Causation,  appreciated  by  animals,  165-8. 
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Cephalopoda,  intelligence  of  related  to  organs  of  toach,  57 ;  eyes  of,  68 ; 
ears  of,  89 ;  tactile  organs  of,  89  ;  colour-sense  in,  98 ;  memory  in,  122 ; 
imagination  in,  145 ;  grade  of  mental  evolution  of,  349-50. 
<!erebrum,  functions  of  the,  34-46. 
C^alicodoma,  instincts  of,  166. 
Cliaract?r,  individual.    See  Disposition. 
Chelmon  rostratxu,  89. 

Cheselden,  on  a  case  of  couching  for  cataract,  322-3. 
Chickens.    See  Birds. 

Choice,  as  criterion  of  mind,  17-20 ;  physiological  aspect  of,  47-55. 
Clifford,  Professor,  on  ejects,  16. 
Cobb,  Miss,  on  inheritance  of  handwriting,  194. 
Calewterata,  consciousness  in,  76,  348  ;  special  sense  of,  83-4 ;  emotions  of, 

342  ;  grade  of  mental  evolution  of,  348. 
Collett,  B.,  on  migration  of  the  lemming,  283-5. 
Colour-sense,  98-104. 
Comparative  Psychology  inrelation  to  comparative  anatomy,  6 ;  objects  of,  as 

a  science,  &-7. 
Comte,  on  Fetishism  in  animals,  164. 
Conoeptualism,  145. 
Conductility,  68. 
Conscience,  evolution  of,  352. 

Conscioiunesu  as  the  distinctive  character  of  mind,  17  ;  evolution  of,  70-77  ; 
definition  of  impossible,  72 ;   degrees  of,  72 ;   time  relations  of,  73 ; 
possibly  developed  to  supply  conditions  of  feeling  pleasure  and  pain,  111. 
Conte,  Le,  on  cattle  sucking  bones,  247. 

Couch,  on  mistaken  instinct  of  a  bee,  167-8;  on  variations  in  the  instinct  of 
incubation,  182;  on  a  dog  learning  how  to  attack  a  badger,  221;  on  a 
goldfinch  singing  instinctively,  222 ;  on  birds  learning  and  forgetting  the 
songs  of  other  birds,  223 ;   on  the  instinct  of  feigning  death,  303-8, 
815. 
'Coues,  Captain  Elliot,  on  local  variations  of  instinct  in  birds,  210,  246-7. 
Crab,  olfactory  organs  of,  87-8 ;  experiments  in  psychology  of  the  Hermit, 
122-3 ;  migration  of  the  Land,  146,  285 ;  feigning  death,  305 ;  reason 
in  the,  336,  350. 
Crayfish,  kataplexy  of  the,  308. 
Crex,  aquatic  habits  of  the,  253. 
Cripps,  on  an  elephant  feigning  death,  306. 
-Crocodile,  alleged  dreaming  in  the,  149 ;  divers  dispositions  in  families  of  the, 

188. 
Crossing,  effects  of,  in  blending  instincts,  198-9. 
Crotch,  on  migration  of  the  lemming,  282-5. 
Cruelty  in  animals,  541,  845. 
Cruttacea,  special  senses  of,  84,  87 ;  colour-sense  of.  98-9 ;  memory  of,  122 

imagination  of,  145-6  j  grade  of  mental  evolution  of,  849-50. 
"Cockoo,  mistaken  instincts  of  the,  168 ;  parasitic  and  non-parasitic  habits  oi 
the,  251-2 ;  parallelism  of  instincts  of  the,  with  those  of  Molothrus, 
273-4;  mi^pration  of  the  young,  289. 
Cuculida.    8m  Cuckoo. 
Curlew,  sense  of  hearing  in  the,  92. 
Curiosity  in  animals,  279-80,  841,  344. 
Cuttle-fish.    See  Cephalopoda. 
Cuvier,  on  birds  dreaming,  149. 
•Cuvier,  F.,  on  attachment  of  a  dog  to  a  lion,  184. 
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Darwin,  Charles,  on  the  relation  of  intelligence  of  ants  to  the  size  of  their  brains, 
46 ;  on  movements  of  plants,  49-51 ;  on  intelligence  of  earthworms,  77 ; 
on  special  senses  of  earthworms,  86-7 ;  on  birds  dreaming,  149 ;  on  mis- 
taken instincts  of  humble-bees,  168;  on  mistaken  instincts  of  an  African 
shrew-mouse,  169 ;  on  variability  and  natural  selection  of  instincts,  178 ; 
on  inherited  tricks  of  manner,  185-6 ;  on  inherited  paces  of  the  horse, 
188;  on  tumbler  and  Abyssinian  pigeons,  188-90;  on  instincts  of 
biscacha,  189-90 ;  on  inheritance  of  handwriting,  194 ;  on  wildness  and 
tameness  in  rabbits,  horses,  and  ducks,  196,  and  in  wild  animals,  197 ;  on 
efltects  of  crossing  upon  instincts,  198-9 ;  on  intelligent  imitation  by 
animals,  220-2 ;  on  protrusion  of  lips  by  orang-outang,  225 ;  on  sheep 
and  cattle  learning  to  avoid  poisonous  herbs,  227 ;  on  obliteration  of 
wild  instincts  under  domestication,  231-2 ;  on  acquisition  of  domestic 
instincts,  236-9;  on  bees  eating  moths,  245;  on  local  variations  of 
instinct  in  birds,  245-6 ;  on  the  hyaena  not  burrowing  in  South  Africa, 
249 ;  on  specific  variations  of  instinct  aa  difficulties  against  the  theory  of 
natural  selection,  251 ;  on  parasitic  habits  of  Molothrus,  251 ;  on  adaptive 
structures  developed  by  natural  selection,  253-4;  on  evolution  of 
instinct,  263-5  ;  on  similar  instincts  of  unallied  animals,  273  ;  on  dis- 
similar instincts  of  allied  animals,  274 ;  on  trivial  and  useless  instincts, 
274-6 ;  on  instincts  apparently  detrimental,  276-82 ;  on  migration  of 
lemming,  282 ;  on  theory  of  migration,  287-97 ;  on  sense  of  direction, 
290-3 ;  on  instincts  of  neuter  insects,  297-9 ;  on  instincts  of  sphex, 
299  and  303  ;  on  bees  boring  corollas  of  flowers,  220-1, 301-2 ;  on  instinct 
of  feiijTiing  <leath,  308 ;  on  instinct  of  feigning  injury,  316-17 ;  on 
reason  in  a  crab,  336 ;  on  emotions  of  earthworms,  844 ;  on  sexual 
selection,  844-5. 

[For  all  references  to  matter  now  published  in  the  Posthumous 
Essay  on  Instinct,  see  Index  to  the  Essay.  The  following  are  references 
to  all  the  quotations  from,  and  allusions  to,  the  unpublished  MSS  of 
Mr.  Darwin  whiclx  occur  in  the  pages  of  the  present  work.] 

Oa  changes  produced  in  instinct  by  abnormal  individual  expe- 
rience, 115 ;  on  instinctive  fear  and  ferocity  in  young  animals  as 
directed  against  particular  enemies  or  kinds  of  prey,  165  ;  on  mistaken 
instincts  of  ants,  168 ;  on  instinct  of  a  kitten  modified  by  individual 
experionce,  172  ;  on  analogies  between  instincts  in  species  and  acquired 
habits  in  individuals,  179-80;  on  diversity  of  disposition  in  birds,  182 ; 
on  hereditary  tricks  of  manner  displayed  by  a  cnild,  185-6,  and  by  a 
tierrier,  186 ;  on  pecidiar  dispositions  and  habits  transmitted  in  croco- 
diles, ducks,  horses,  and  pigeons,  188-9 ;  on  automatic  actions  displayed 
by  idiots  and  by  an  idiotic  dog,  193 ;  on  instinctive  wildness  and  tame- 
ness respectively  displayed  by  the  progeny  of  wild  and  tame  horses, 
rabbits,  and  ducks,  196 ;  on  efibcts  upon  instinct  of  crossing,  199 ;  on 
intelligent  modification  of  instinct  in  bees,  207  ;  on  wild  ducks  building 
in  trees,  211 ;  on  hive-bees  sucking  through  holes  made  in  corollas  by 
humble-bees,  220-1 ;  on  dogs  learning  modes  of  attack  by  experience 
and  imitation,  221 ;  on  birds  of  one  species  learning  danger  cries  of 
birds  of  another,  221-2 ;  on  a  dog  learning  by  imitation  the  habits  of  a 
cat,  and  lambs  and  cattle  learning  to  avoid  poisonous  herbs,  224 ;  on 
canaries  reared  in  a  felt  nest  afterwards  constructing  a  normal  nest,  226 ; 
on  the  non-instinctive  character  of  the  drinking  movements  of  chickens, 
288-9 ;  on  the  incorrigibly  wild  instincts  of  sundry  wild  animals  when 
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domesticated,  232 ;  on  the  stupidity  of  Chinese  dogs,  238  ;  on  the  arti- 
ficially bred  instincts  of  sheep-dogs,  pointers,  and  retrievers,  235-7  ;  on 
the  effects  upon  artificially  bred  instincts  of  crossing,  241 ;  on  structures 
adapted  to  obsolete  uses,  253-4 ;  on  the  causes  of  the  evolution  of 
instinct,  264 ;  on  insects  flying  into  flame,  278-80 ;  on  the  instinct  of 
feigning  injury  as  exhibited  by  the  duck,  partridge,  &c.  316-17. 

Darwin,  Dr.  S.,  on  mistaken  instinct  of  Musca  camaria,  167;  on  a  cat 
imitating  a  dog,  224;  on  efiects  of  domestication  on  instincta,  229;  on 
bees  ceasing  to  collect  honey  in  CaUfomia,  245 ;  on  rabbits  not  bur- 
rowing in  Sor,  248. 

Darwin,  Francis,  on  bees  boring  holes  in  corollas  of  flowers,  302. 

J)aph»ea  pulex,  colour-sense  of,  98. 

Davis,  on  instincts  of  the  processional  caterpillar,  342-3. 

Davy,  Sir  H.,  on  an  eagle  teaching  young  to  fly,  227. 

Death,  feigning  of,  by  animals,  303-16. 

Death-watch,  feigning  death,  309. 

Deceit,  in  animab,  341,  347. 

Delusions,  in  animals,  149-50. 

Diagram,  explanation  of  the,  63-9. 

Dilemma-time  in  perception,  194-6. 

Dionaa,  discrimination  shown  by,  60-1. 

Direction,  sense  of,  289-94. 

Discrimination,  in  relation  to  choice,  47-62 ;  shown  by  vegetable  tissues,  49- 
61 ;  by  protoplasmic  organisms,  51. 

Disposition,  individual,  of  men  and  animals,  182. 

Dog,  sense  of  smell  in  the,  93 ;  sense  of  musical  pitch  in  the,  94 ;  imagina- 
tion in  the,  146  and  148-9 ;  homesickness  and  pining  of  the,  as  proof  of 
imagination,  151-2;  appreciation  of  cause  by  the,  155-8;  instinct  of 
collie  barking  round  a  carriage,  182 ;  attachment  of  the  to  other  animals, 
184 ;  inherited  antipathy  of  a,  to  butchers,  187 ;  useless  instincts  of  the, 
176,  190 ;  instinct  of,  in  turning  round  to  make  a  bed,  193 ;  hereditary 
transmission  of  begging  in  breeds  of  the,  195-6 ;  effect!  of  crouing  U]^n 
instincts  of  the,  198;  learning  by  imitation,  221,  223-4;  teaching 
Toung,  227 ;  influence  of  domestication  upon  psychology  of  the,  281-42 ; 
barking  of  the,  249-65 ;  sense  of  direction  in  the,  289-90 ;  inability  of 
the,  to  appreciate  mechanism,  351 ;  grade  of  mental  evolution  of  the,  862. 

Domestioation,  effects  of,  upon  instinct,  230-42. 

Donders,  Professor,  on  reaction-times  in  peroeptirn,  182, 186. 

Donovan,  on  cattle  sucking  bones,  247. 

Dragon-fliea,  mictions  of,  286. 

Dreaming,  in  animals,  148-9. 

Drotera,  diserimination  shown  by  tentacles  of,  49-60. 

Duck,  sense  of  touch  in  the,  92 ;  instincts  of  the  young,  171, 196 ;  a  breed  of 
showing  fear  of  water,  188 ;  natural  wildness  and  tameness  of  the,  196 ; 
instincts  of  the,  modified  by  crossing,  199 ;  conveying  young,  211 ;  build- 
ing on  trees,  211 ;  instinct  of  the,  in  feigning  injury,  816. 

Dudgeon,  P.,  on  a  cat  rearine  rats,  218. 

Dujardin,  on  relation  of  inteUigence  of  ants  to  size  of  peduncular  bodiei,  46. 

Duncan,  on  spiden  feigning  death,  309. 

Duncan,  Profesior  P.  M.,  on  instinct  of  Odj/Herut,  191-2.  ,^ 

B. 

Eagle,  variation  in  nest-building  of  the,  182 ;  teaching  young  to  fly,  227;  teach- 
ing a  goose  to  eat  flesh,  227. 
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Ear.    See  Hearing. 

Earthworms,    oee  Worms. 

Earwig,  memory  in,  123 ;  parental  affection  of,  344. 

Echinodennata,  nervous  system  of,  28-30 ;  consciousness  in,  76,  348 ;  special 
senses  of,  56,  84 ;  memory  in,  122,  848-9 ;  emotions  of,  342 ;  grade  of 
mental  evolution  of,  848-9. 

Education  of  young  animals  b^  their  parents,  226-9. 

Edward,  on  local  variation  of  mstinct  in  the  swallow,  247. 

Eject,  16. 

Elam,  on  somnambulism  in  animals,  149. 

Elephant,  intelligence  of  the,  related  to  the  trunk,  57;  memory  in  the,  124; 
dreaming  in  the,  149 ;  instinct  of  the,  in  goring  wounded  companions, 
176 ;  feigning  death,  305 ;  emotions  of  the,  ^i6;  using  tools,  352. 

Emotions,  physiological  aspect  of,  53 ;  which  occur  in  animals,  341 ;  origin 
of,  342 ;  distinctive,  of  different  animals,  342-7. 

Emulation,  341,  345. 

Engelmann,  on  protoplasmic  and  unicellular  organisms  being  affected  by 
light,  80;  on  one  infusorium  chasing  another,  81;  on  colour  sense  of 
Englena  viridis,  98. 

Englerui  viridtt,  as  affected  by  light,  80 ;  colour  sense  of,  98. 

Equation,  personal,  135-7. 

Evolution,  Organic,  taken  for  granted,  7 ;  Mental,  a  necessary  corollary,  8 ; 
human,  excluded  from  present  work,  8-10;  of  nerves  by  use,  30-33;  of 
discriminative  and  executive  powers,  47-62;  of  mental  faculties  as 
shown  in  the  diagram,  63-9;  of  consciousness,  70-7;  of  sense  of  tem- 
perature, 97-8 ;  of  visual  sense,  97-8 ;  of  colour-sense,  98-103 ;  of 
organs  of  special  sense,  108-4 ;  of  pleasures  and  pains,  105-11 ;  of 
memoir,  111-17 ;  of  association  of  ideas,  117-24 ;  of  perception,  127- 
9 ;  of  imagination,  144-54 ;  of  fetishism,  154-8 ;  of  instinct,  177-255 ; 
of  reason,  318-36 ;  of  conscience,  352. 

Ewart,  Professor,  on  Echinodermata,  84 ;  on  colour-sense  of  Octopus,  99. 

Excitability,  68. 

Excrement,  instinct  of  buiying,  176. 

Exner,  Professor,  on  physiology  of  perception,  132-7. 

Eye.     See  Sight. 

Eyton,  on  instincts  of  crossed  Geese,  199. 


F. 

Fabre,  J.,  on  instincts  of  Bembez,  166,  and  of  Sphex,  179, 299-808;  on  sense 

of  direction  in  bees,  298-4. 
Fear  in  animals,  841 ;  in  young  children  and  low  animals,  842-8. 
Feeling.    See  Sensation. 
Feelings,  logic  of,  325. 
Feigning  death,  308-16 ;  injury,  816-17. 
Fenn,  Dr.  C.  M.,  on  imagination  in  a  wolf,  147. 
Ferrets,  reared  by  a  hen,  216-17 ;  imperfect  instinota  of  young,  228;  analogy 

between  inbtincts  of,  and  those  of  Sphex,  308. 
Ferrier,  on  functions  of  the  cerebrum,  85. 
Fish,  sense  of  sight  in,  89;  blind,  89 ;  luminous,  89 ;  sense  of  hearing  in,  90; 

of  smell,  taste,  and  touch.  90;  of  colour,  98-9;   memoir  in,  128-4 1 

imagination  in,  153,  288 ;  feigning  death,  808 ;  emotions  of,  846 ;  grade 

of  mental  evolution  of,  349-50. 
Fish,  B.  £).,  on  birds  imitating  each  other's  songs,  222. 
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Fiake,  on  hereditary  transmiBsion  of  begging  in  dogs,  165 ;  on  the  subordinate 

part  played  by  natural  selection  in  the  development  of  instinct,  266. 
Fitch,  Oswald,  on  beneyolence  shown  by  a  cat,  345-6. 
FitzBoy,  Capt.,  on  instincts  of  wild  dogs  under  domestication,  232. 
Fleming,  on  delusions  shown  by  rabid  dogs,  149-60. 
Flesh-fly,  mistaken  instinct  of  the,  167. 
Flounder,  sense  of  colour  in  the,  98. 
Ford,  W.,  on  sense  of  direction  in  man,  291,  292. 
Forel,  on  variations  of  instinct  and  individual  disposition  in  ants,  183, 209, 

244^5. 
Fowl.     See  Hen. 
Fox,  the,  feigning  death,  304,  314-15 ;  understanding  of  mechanism  by  the, 

361. 
Fox,  the  Ber.  W.  D.,  on  inherited  tendency  to  beg  in  a  terrier,  186 ;  on  in* 

stincts  of  a  retriever,  236. 
Fredericq,  on  colour-sense  of  Cephalopoda,  98-9. 
Fritsch,  on  functions  of  the  cerebrum,  35. 
Frog,  colour-sense  in  the,  98 ;  changed  instincts  of  the  tree,  254. 
Fwmariva,  imperfect  instincts  of  the,  281. 

G. 

Oalen,  on  instinct  of  a  kid,  115. 

Gallu9  hankiva,  wildness  of  chickens  reared  from  wild  stock  of,  232. 

Galton,  Francis,  on  hereditary  genius,  194. 

Ganglia,  structure  and  functions  of,  26-33 ;  Mr.  Spencer's  theory  of  genesia 
of,  32. 

Gardener,  J.  S.,  on  moths  flying  into  r  waterfall,  280. 

Gbrdner,  on  intelligence  of  a  crab,  336. 

Gumett,  on  instincts  of  crossed  ducks,    99. 

Oasteropoda,  eyes  of,  88 ;  memory  ir,  121.    See  Mollusca. 

Generalization,  145. 

Q«ntry,  W.  K.  G.,  on  carnivorous  habits  of  herbivorous  rodent,  248. 

Gladstone,  W.  E.,  on  colour-sense,  100. 

Goatsucker,  conveying  young,  211. 

Gold-crested  warbler,  nidification  of  the,  210. 

Goltz,  on  functions  of  the  cerebrum,  35. 

€k)08e,  eye  of  the  Solen,  91 ;  instincts  of  crossed,  199 ;  learning  to  eat  flesh, 
227  ;  instinct  of  upland,  253 ;  Siberian,  feigning  death,  303-4 ;  attach- 
ment of  a,  to  a  dog,  184-5. 

Goring,  instinct  of,  176,  379.  *< 

GoBse,  on  gregarious  habits  in  nidifloation,  253 

Gould,  on  instincts  of  terrestrial  geese,  253. 

Grebe,  aquatic  instincts  of  the,  263. 

Ghrief,  in  animals,  341,  346. 

Grouse,  instincts  of  North  American,  201. 

Guanacoe,  instincts  of  the,  190. 

Guer,  or  somnambulism  in  animals,  149. 

Guyne,  on  migration  of  the  lemming,  282-5.  f 

Hnokel,  Professor,  on  sense-organs,  81,  85-6;  on  supposed  unknown 
tense  possessed  by  Fish,  90)  on  supposed  unknown  senses  possessed 
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by  Mammab,  95;  on  evolution  of  sense-organs,  98  104;  on  colour« 
sense,  100. 

Hall,  G.  Stanley,  on  hypnotism  lengthening  reaction- time  in  perception,  138. 

Hamilton,  Sir  W.,  on  pleasures  and  pains,  105 ;  on  inverse  relation  between 
instinct  and  reason,  338. 

Hancock,  on  dogs  not  barking  in  Guinea,  250. 

Handcock,  on  obliteration  of  natural  instincts  under  domestication,  231. 

Handwriting,  inheritance  of,  194. 

Hate,  in  animals,  341,  345. 

Haust,  on  ducks  building  in  trees,  211. 

Hawfinch,  learning  the  song  of  a  blackbird,  222. 

Hawk,  eye  of,  91 ;  old,  teaching  young  to  capture  prey,  226 ;  changed  in- 
stincts of  Swallow-tailed,  254. 

Hearing,  sense  of,  in  Medusse,  82;  in  Articulata,  86-7;  in  Mollusca,  88-9; 
in  Fish,  90;  in  Amphibia  and  Beptiles,  90;  in  Birds,  91-2;  in  Mam- 
mals, 93-4 ;  reaction-time  of,  132. 

Helix  pomatia,  memory  in,  122. 

Helmholtz,  Professor,  on  reaction-time  as  increased  by  complexity  of  percep- 
tion, 133. 

Hen,  instinct  of  cackling  in  the,  176,  289 ;  wildness  of  the,  when  crossed  with 
a  pheasant,  199;  conveying  young,  211;  experiments  and  observations 
on  the  incubating  and  natural  instincts  of  the,  213-17 ;  drinking  move- 
ments of  the,  not  instinctive,  229 ;  loss  of  incubating  instinct  of  the 
Spanish,  212. 

Hennabe,  on  the  hyrax  dreaming,  149. 

Heredity,  in  relation  to  reflex  action,  17-18 ;  influence  of,  on  formation  of 
nervous  structures,  83 ;  in  association  of  ideas,  43 ;  in  reference  to  sensa- 
tion, 95-104 ;  to  pleasures  and  pains,  105-11 ;  to  memory  and  associa- 
tion of  ideas,  111-24 ;  to  perception,  130-41 ;  to  instinct,  180, 185-92, 
200-3,  231-42;  of  handwriting  and  psychological  chara<:ter,  194-5  ; 
of  begging  in  dogs  and  cats,  195-6 ;  of  wildness  and  tameness,  195-7  ; 
of  artificial  paces  in  horses,  188 ;  with  reference  to  migration,  289,  296-7. 

Hering,  on  muscle  strengthening  by  use,  112. 

Herman,  on  reaction-times  of  different  senses,  132 ;  on  inherited  knowledge 
shown  by  sporting  dogs,  289. 

Heteropoday  eyes  of,  88. 

Hertwig,  Professors  O.  and  B.,  on  nervous  system  of  Medusae,  69. 

Hewetson,  on  variation  in  the  nest  of  the  nuthatch,  182. 

Hewett,  on  wildness  of  hybrids  between  fowls  and  pheasants,  199. 

Hill,  Richard,  on  gregarious  habits  in  nidification,  263. 

Hitzig,  on  functions  of  the  cerebrum,  35. 

Hof acker,  on  inheritance  of  handwriting,  194. 

Hofitayum,  Professor,  on  a  puppy  learning  to  imitate  a  cat,  224. 

HogS>  0°  instincts  of  a  sheep-dog,  240-1. 

HoUman,  on  memory  in  Cephalopoda,  122. 

Homing-faculty  of  acimals,  95,  153-4. 

Home-sickness  in  animals,  proof  of  imagination,  161-2. 

HOnig-Schnied,  on  reaction-time  for  taste,  183. 

Hornbill,  nidification  of  the,  256. 

Bone,  memory  in  the,  124;  inheritance  by  the,  of  artificial  paces,  188; 
useless  instincts  of  the,  190 ;  natural  tameness  of  the  feral,  196 ;  sense 
of  direction  in  the,  289-91. 

Houdin,  Robert,  remembering  his  art  of  juggling  with  balls,  36;  on  mpidity 
of  perception  acquired  by  training,  1S8. 

HouM-fiy,  mistaken  instinct  of  the,  167. 
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Hcuse-sparrow,  nidification  of  the,  210. 

Houseau,  on  stridulation,  86;  on  birds  dreaming,  149;  on  mistaken  in- 
stincts, 167 ;  on  inabili^  of  infants  to  localize  pain,  326. 

Howitt,  A.  W.,  on  homing  nioiilty  of  horses  and  cattle,  290. 

Huber,  on  instincts  of  bees,  168,  203-9. 

Huber,  P.,  on  instincts  of  a  caterpillar,  179. 

Huggins,  Dr.,  on  sense  of  musical  pitch  in  a  dog,  94 ;  on  inherited  antipathy 
of  a  dog  to  butchers,  187. 

Humboldt,  on  individual  disposition  in  monkeys,  188. 

Humming-bird  hawk-moth,  mistaken  instinct  of  the,  167. 

Hunger,  sense  of,  95. 

Hunter,  John,  on  tricks  of  manner  being  inherited,  185. 

Hurdis,  on  migration  of  the  golden  plover,  286. 

Hutchinson,  Colonel,  on  inherited  tendency  to  bark  in  sporting  dogs,  236. 

Hutton,  Captain,  on  wildness  of  the  hybrid  between  the  tame  and  wild  goat, 
199 ;  on  wildness  of  chickens  reai«d  from  wild  Oallus  bankiva,  232 ;  on 
nugration,  288. 

Huxley,  Professor  T.  H.,  on  evolution  of  sense-organs,  104. 

Hydrozoa,  nerve-tissues  in,  24. 

Hysna,  not  burrowing  in  South  Africa,  244. 

Hjflobates  agilis,  its  sense  of  musical  pitch,  93. 

Symenoptera.    See  Ants  and  Bees. 

Hypnotism,  reaction-time  under  iMuence  of,  138 ;  of  animals,  308-11. 

Hyrax,  dreaming  in  the,  149. 


Ichneumon,  instincts  of  the,  166. 

Ideas,  association  of,  87-8,  111-24;  definition  of,  118;  composite,  ana> 
logous  to  muscular  coordinations,  42-4. 

Idiots,  size  of  brain  of,  in  relation  to  intelligence,  46;  personal  equation  of, 
138 ;  tricks  of  manner  shown  by,  181 ;  automatic  actions  of,  193 ;  imita- 
tive actions  of,  225. 

Industry,  841. 

Imagination,  142-68 ;  analysis  of,  142-4 ;  stages  and  evolution  of,  144-6 ; 
stages  of,  as  occurring  in  diffsrent  animals,  145-64. 

Imitation,  effects  of,  on  formation  of  instinct,  220-9;  by  hive-bees  of 
humble  bees,  220-1 ;  by  dogs  of  other  dogs,  221 ;  by  dogs  of  cats,  228- 
4 ;  by  birds  of  one  anouier's  songs,  and  of  articulate  speech,  222-8 ;  by 
monkeys,  children,  savaoes,  and  idiots,  225 ;  by  young  birds  in  nidifica- 
tion suggested  by  Mr.  Wallace,  225-6 ;  of  parents  by  young  of  sundry 
animals,  226-8. 

Incubation,  instinct  of,  177. 

Infant,  consciousness  in  the,  77 ;  preferring  sweet  tastes,  and  remembering 
taste 'of  milk,  114-16;  earliest  power  of  associating  ideas,  120-1,  and 
mental  images,  162 ;  when  spoon-fed  for^tting  to  suck,  170, 180 ;  learn- 
ing to  balance  the  head,  Ac.,  176-6 ;  imitative  movements  of  the,  226 ; 
inability  of  the,  to  localize  pain,  826 ;  emotions  «f  fear  and  surprise  in 
the,  842. 

Inference.    See  Reason.  ^^ 

Ittfkioria.    See  Prototoa.  ' 

Injury,  feignins  of,  by  animaU,  816-17. 

Inseotf I  eyes  of,  84-6 ;  colour-sense  of,  99 ;  imagination  of,  146-6 ;  instincts 
of,  165-8,  179,  301-2,  208-9,  220-1,  246,  277-81,  285-6,  290,  298-6, 
297-809}  emotions  of,  844. 
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InstiTict,  physiological  aspect  of,  52 ;  as  hereditaiy  memory,  115-17, 131 ; 
definition  of,  169;  inToIves  a  mental  element,  160;  perfection  of, 
160-7 ;  in  young  birds  and  mammals,  161-5 ;  in  insects,  165-8,  179, 
201-2,  203-9,  220-1,  277-81,  285-6,  290-6,  297,  303-8 ;  of  flying,  165; 
imperfection  of,  167-76;  as  affected  by  interruption  of  normal  con- 
verse with  environment,  169-72,  by  castration,  171-2,  by  insanity, 
173-4 ;  trivial  and  useless,  176 ;  origin  and  development  of,  177-99 ; 
primary,  180-92;  secondary,  192-9;  effects  of  crossing  upon,  198-9; 
blended  origin  or  plasticity  of,  200-218 ;  of  nidification,  210-12 ;  of 
incubation,  177,  212-13;  maternal,  212-18;  as  moulded  by  imita- 
tion,  219-25,  by  education,  226-9,  and  by  domestication,  230-42;  of 
singing  in  birds,  222-3 ;  of  attacking  rabbits  in  ferrets,  228 ;  of  drinkine 
in  fowls,  229;  local  and  specific  varieties  of,  243-55;  not  fossilized, 
250,  264-5 ;  evidence  of  transformation  yielded  by  specific  varieties 
of,  250-5 ;  views  of  other  writers  on  evolution  of,  256-72 ;  general  sum- 
mary on  and  diagram  of  development  of,  265-72 ;  cases  of  special  difB- 
culty  in  display  of,  273-317 ;  similar  in  unallied  animals,  273-4 ;  dis- 
sinular  in  tJlied  animals,  274 ;  trivial  and  useless,  274-6 ;  apparently 
detrimental,  276-85 ;  alleged,  of  scorpion  in  committing  suicide,  278 ;  of 
flying  through  flame,  278-80 ;  of  hen  cackling,  pheasant  crowing,  shrew- 
mouse  screaming,  &c.,  280-1 ;  of  migration  injurious,  281-5 ;  of  lemming, 
282-5  ;  of  migration,  285-97  ;  of  neuter  insects,  265,  297-9 ;  of  sphex, 
299-303;  of  feigning  death,  303-16;  of  feigning  injury,  316-17;  in 
relation  to  reason,  338-9. 


J. 

Jackson,  C.  J.,  on  instinct  of  the  Californian  woodpecker,  255. 

Jackson,  Dr.  J.  Hughlings,  on  pre-perception,  139. 

Jealousy,  341,  345. 

Jeens,  0.  H.,  on  a  puppy  learning  to  imitate  a  cat,  224. 

Jelly-fishes.    See  Medusa. 

Jerdon,  on  birds  dreaming,  149. 

Jesse,  on  changed  instincto  of  a  hen,  215 ;  on  snakes  feigning  death,  306. 


Eatapleiy.    See  Hypnotism. 

Kidd,  W.,  on  diversity  of  disposition  in  lar^^s  and  canaries,  182. 

Eingsley,  Canon,  on  migration  of  birds,  296. 

Kirby,  on  modified  instincts  of  larvse,  180. 

Eirby  and  Spence,  on  larvss  remembering  the  taste  of  particular  leaves,  115 ; 

on  instincts  of  insects,  166, 167, 179-80, 201,  204-8,  244,  245. 
Eittens,  instincts  of,  164-6, 172. 
Knight,  Andrew,  on  hereditary  transmission  of  acquired  mental  endowments 

in  animals,  196, 197, 198,  287,  238;  on  intelligence  of  a  bird,  201,  and 

of  bees,  208. 
Enox,  D.  E,  on  a  variation  in  nest-building  of  the  golden  eagle,  182. 
Eries,  on  dilemma-time  in  perception,  134-6. 
Xusimaul,  Flofestor,  on  iniants  preferring  sweet  tastes,  116. 
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L. 

Lamarck,  his  theoiy  of  evolution  of  nerves  by  use,  33. 

Lamellibranchiata,  eyes  of,  88. 

Landrail,  feigning  death,  304-5. 

Language,  as  mental  symbolism,  153. 

Laiuester,  Professor,  on  alleged  instinct  of  scorpion  to  commit  suicide,  278. 

Lapsing  of  intelligence,  178-80. 

Lapwing,  habit  of,  in  flying  down  to  sportsman  when  fired  at,  189  ; 
associating  with  rooks  and  starlings,  185 ;  instinct  of,  in  feigning  death, 
817. 

Leuius  acerborum,  local  variation  of  instinct  of,  244-5. 

Leech,  Dr.,  on  modified  instincts  of  a  spider,  209. 

Lemming,  migratory  instincts  of  the,  169,  282-5. 

Lepidoptera,  sense  of  hearing  in,  86.     See  Butterfly. 

Le  Boy,  on  imagination  of  animals,  146-7. 

Leuret,  on  intelligence  of  an  orang  outang,  328. 

Leveret,  reared  by  a  cat,  217. 

Lewes,  &.  H.,  case  of  sleeping  waiter  described  by,  36 ;  on  sensations  as 
groups  of  components,  41 ;  his  definition  of  Sensation,  78 ;  on  pre- 
perception,  139 ;  on  instincts  of  ducklings,  171 ;  on  heraditary  trans- 
mission of  begging  in  dogs,  195 ;  ignores  natural  selection  in  development 
of  instinct,  256. 

Lewis,  on  carnivorous  habits  of  wasp,  245. 

Limpet,  memory  in  the,  121. 

Lindsay,  Dr.  Lauder,  on  dreaming  and  delusions  in  animals,  148-9. 

Linnaeus,  on  dogs  not  barking  in  S.  America,  250. 

Lodge,  Colonel,  on  sense  of  cQrection  in  man,  293. 

Logic  of  feelings  end  signs,  325. 

Lonbiere,  on  local  variations  of  instinct  in  ants,  244. 

Lonsdale,  on  memory  in  a  snail,  122. 

Lord,  J.  K.,  on  instinct  of  the  Califomian  woodpecker,  255. 

Lubbock,  Sir  John,  on  deafness  of  ants,  86;  on  sense  of  smell  in  ants,  87 ; 
on  colour-senae  of  Daphneapulex  and  Hymenoptera,  98-9;  on  memory 
of  bees,  123 ;  on  sense  of  diroction  in  Hymenoptera,  293-5. 

Lucretius,  on  dreaming  in  dogs,  148. 

Ludicrous,  emotion  of,  in  animals,  341,  347. 

Lunacy,  analogous  to  ataxy,  44. 

Lyon,  Captain,  on  a  wolf  feigning  death,  304. 


M.  ' 

MaoFarlane,  Mrs.  L.,  on  changed  instincts  of  fowls,  215. 

Maokillar,  Miss,  on  changed  instincts  of  a  hen,  215. 

Macpherson,  H.  A.,  on  benevolence  shown  by  a  cat,  346. 

Macrofflossa  atellatarum,  mistaken  instinct  of,  167. 

Magnus,  Albertus,  on  instincts  of  the  capon,  171. 

Maenus,  Dr.,  on  colour-sense,  100. 

MaUe,  Dureau  de  la,  on  inheritance  by  horses  of  artificial  paces,  188 :  on 
birds  imitating  the  songs  of  other  birds,  222 ;  on  a  terrier  imitating  a 
oat,  233-4 ;  on  old  birds  educating  young,  226 ;  on  instinct  of  burying 
superfluous  food,  288. 
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Hammals,  special  senseB  of,  67 ;  sight,  92 ;  hearing,  93-4 ;  taste  and  touch, 
94 ;  colour,  99 ;  memorj  of,  124 ;  perception  of  young,  131 ;  imagina- 
tion of,  146-54;  instincts  of  young,  164-5;  mistaken  instincts  of, 
169 ;  trivial  and  useless  instincts  of,  176 ;  attachment  between  dif- 
ferent species  of,  and  with  other  animals,  184-5 ;  imitation  in,  223-5 ; 
teaching  their  yomig,  227 ;  local  variations  of  instinct  in,  247-50 ; 
migrations  of,  286 ;  homing  faculty  of,  289-91 ;  feigning  death,  304-5 ; 
emotions  of,  345-7. 

Man,  mental  evolution  of,  questioned  by  some  evolutionists,  8-10 ;  subjective 
and  ejeotive  evidence  of  mind  in,  15,  et  seq. ;  relation  of  size  of  brain  of, 
to  intelligence,  45 ;  substitution  of  maclunery  by,  for  muscular  action, 
59 ;  imagination  in,  141, 152-4 ;  sense  of  direction  in,  291-3 ;  imperfec- 
tion of  hereditary  endowments  of,  326;  reason  alleged  special  pre- 
rogative of,  335-40. 

Mania,  analogous  to  convulsiou,  44. 

Marshall,  Professor  John,  on  sense  of  smell  in  Octopus,  89 ;  on  sense  of  sight 
in  Surinam  Sprat,  90. 

Martins,  nidification  of,  210-11 ;  warning  chickens  against  hawks,  221-2. 

McCready,  on  larvae  of  a  Medusa  sucking  their  parent,  259-60. 

MeduscB,  larvs  of,  sucking  parent,  259-^ ;  following  light  not  instinctive, 
258 ;  nervous  system  of,  24,  28 ;  special  sensation  in,  56,  81-83. 

Melanerpesformicivorus,  peculiar  instinct  of,  255. 

Memoir,  of  ganglia  without  consciousness,  35-6 ;  analysis  of,  111-17;  of 
in&nt,  114-16,  120-1  ;  in  MoUusca,  121-2 ;  in  Echinodermata  and 
Crustacea,  122 ;  in  Insects,  123 ;  in  Fish,  123 ;  in  other  Yertebrata, 
124 ;  as  involved  in  perception,  129-30. 

Merejkowsky,  on  colour-sense  of  DapAnea  pulex,  98. 

Merganser,  mstinct  of  the,  in  feigning  injury,  316. 

Merrill,  G-.  C,  on  sense  of  direction  in  man,  292. 

Mierzejewskis,  Dr.,  on  relation  of  intelligence  to  mass  of  brain,  44. 

Migration,  281-97. 

MiU,  James,  on  composite  ideas,  44. 

Mill,  J.  S.,  ignores  heredity,  256 ;  on  reason,  336-7. 

Milton,  on  reason  of  animals,  340 ;  on  imagination,  154. 

Mind,  Criterion  of,  15-23 ;  considered  as  subject,  object,  and  eject,  15-16 ; 
activities  indicative  of,  16 ;  physical  basis  of,  34-46 ;  root-principles  of, 
47-«2. 

Missel-thrush,  variation  in  nesf -building  of  the,  182. 

Mitehell,  Sir  J.,  on  dogs  learning  how  to  attack  the  Emu,  221. 

Mivart,  St.  &.,  on  reason,  325,  335-40. 

M'Lachlan,  B.,  on  instincts  of  the  Caddice-fly,  191. 

Mocking-bufd,  222. 

Modesty,  sense  of,  193. 

Moggridge,  on  instincts  of  ants,  168,  and  on  individual  variations  of  the  same, 
188. 

Mollusca,  consciousness  in,  77;  special  senses  of,  56,  88-9;  memory  in, 
121-2 ;  imagination  in,  145-6 ;  emotions  of,  344 ;  grade  of  mental  evolu- 
tion of,  349. 

Molothrus,  TOtrasitic  instincts  of,  261-2,  273-4. 

Monboddo,  Lord,  on  homing  faculty  of  a  snake,  153-4. 

Monkeys,  sense  of  musical  pitch  shown  by,  93 ;  imagination  in,  151 ;  dif- 
ferences in  disposition  of,  188 ;  instinctive  dread  of  snakes  shown  by, 
195  ;  love  of  imitation  shown  by,  225 ;  feigning  death,  311-12 ;  using 
tools,  252. 

Montagu,  Col.,  on  attachments  between  animals  of  different  species,  184-6. 
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Montaigne  on  dreaming  in  animals,  148. 

Morality,  indefinite,  and  evolution  of,  352. 

Morgan,  Lewis  H.,  on  intelligence  of  the  bearer,  329. 

Morgan,  Professor  Lloyd,  on  alleged  instinct  of  the  scorpion  to  commit 
suicide,  278. 

Moselej,  Professor  H.  N.,  on  colour-sense  of  marine  animals,  99 ;  on  imper- 
fection of  instinct  in  honey-sucking  insects,  167 ;  on  bearers  of  Oregon 
not  constructing  dams,  249 ;  on  migration  of  turtles,  28ti. 

Mouse  feigning  death,  306-7. 

Mwca  camaria,  mistaken  instinct  of,  167. 

Muscles,  coordination  of,  an  index  of  nerre  erolution,  38-44. 

Jtfysia,  ear  of,  87 ;  colour-sense  of,  98. 

Mysteriousness,  sense  of,  in  animals,  155-8. 


N. 

Natural  selection.    See  Heredity. 

Nerre-tissue,  structure  and  function  of,  24-33. 

Keurility,  68. 

Newall,  on  camirorous  habits  of  wasps,  245. 

Newbury,  Dr.,  on  bearers  not  constructing  dams,  249. 

Newton,  Professor  A.,  on  attachments  between  birds  of  different   species, 

185  ;  on  starlings  imitating  ducks,  222 ;  on  instincts  of  ring-plorer,  246 ; 

on  birds  flying  towards  light,  279 ;  on  migration  of  birds,  286-7, 295. 
Nidification,  variations  in  instinct  of,  182 ;  supposed  to  be  due  to  imitation, 

2S5-6 ;  associated,  253  ;  of  Thrush  and  Hombills,  255. 
Nightingale,  midnight  singing  of,  inherited,  246. 
Noulet,  on  nidification  of  swallows,  211. 
Nuthatch,  rariation  in  nest-building  of  the,  182. 


0. 

Octopus,  eye  of,  88 ;  olfactory  sense  in,  89 ;  imagination  in,  146 ;  sense  of 

colour  in,  98-9. 
O^nerus,  instinct  of,  171-2. 
Offspring,  recognition  of,  349. 

Orang-outang,  protrusion  of  lips  by  the,  225 ;  intelligence  of  a,  328. 
Oriole,  Baltimore,  improrement  of  nest-building  of  the,  210. 
Orthoptera,  ears  of,  87. 
Osmia  aurulenta,  208. 
Osmia  bicolor,  208. 
Ostrich,  caponizing  of  the,  172. 

Owl,  local  rariation  of  instinct  of  the,  210,  246;  nidification  of  the,  210. 
Oyster,  memory  in  the,  121. 


P. 

Packard,  on  local  variation  of  instinct  in  bees,  245. 
Paget,  Sir  James,  on  a  parrot  learning  to  open  a  lock,  351. 
Pains,  105-11. 
Paley  on  direction  of  the  external  ear,  93. 
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Paralysis  analogous  to  unconsciousness,  44. 

Parental  affection  in  animals,  344. 

Parrot,  intelligence  of  the,  related  to  organs  of  touch,  57 ;  sense  of  touch  in 
the,  92 ;  association  of  ideas  in  the,  124 ;  dreaming  and  talking  in  sleep, 
149 ;  mistaken  instinct  of  the  Australian,  167 ;  imitating  other  birds, 
talking,  and  singing,  223 ;  oamiTorons  tastes  developed  by  the  Mountain, 
248  ;  changed  instincts  of  the  Groimd,  254 ;  learning  to  open  a  lock,  351. 

Partridge,  conveying  young,  211 ;  not  using  voice  when  flushed  in  Ireland, 
245  ;  instinct  of  me,  in  feigning  injury,  317. 

Pa»»u,  aquatic  habits  of,  253. 

Pea-fowl,  213-14. 

Peccari,  attachment  of  a,  to  a  dog,  184. 

Perception,  125-41 ;  definition  of,  125-6 ;  evolution  of,  127-9 ;  as  cogni- 
tion, 127  ;  as  recognition,  127-8  ;  as  grouping  of  previous  perceptions, 
128;  as  involving  inference,  128,  and  memory,  129;  as  affected  by 
heredity,  130-1 ;  in  Mammals,  Birds,  Reptiles,  and  Invertebrata,  131 ; 
physiology  of,  132-41 ;  time-relations  of,  132-9 ;  relation  of,  to  reflex 
action,  139-41 ;  as  stimulus  to  instinctive  action,  159-60 ;  illusions  of, 
S21-2 ;  relation  of,  to  reason,  319-26. 

Petrel,  changed  instincts  of  the,  254. 

Pewit.     See  Lapwing.    Flycatcher,  variation  of  instinct  of  the,  210,  246. 

Pheasant,  crowing  of  the  cock,  176,  280 ;  wildness  of  hybrid  between  the, 
and  fowl,  199. 

Pig,  instincts  of  young,  164 ;  becoming  omnivorous,  247 ;  homing  faculty 
of  the,  290. 

Pigeon,  insane,  173-4 ;  tumbler,  188-9 ;  Abyssinian,  189 ;  pouter,  189  ;  in- 
stinctive fear  of  the,  of  cats,  lost  under  domestication,  232  ;  migration  of 
the  passenger,  281. 

Pike,  W.,  on  an  eagle  teaching  a  goose  to  eat  flesh,  227. 

Pining  in  animals,  proof  of  imagination,  151-2. 

Pitch,  musical,  appreciated  by  birds,  91 ;  by  Hylohatea  agilis,  93 ;  and  by 
dogs,  94. 

Flay,  341,  345. 

Pleasures,  105-11. 

Pleuronectida,  sense  of  colour  in,  98. 

Pliny  on  instincts  of  the  capon,  171. 

Plover     See  Bing-plover  and  Lapwing. 

Pointer.     See  Dog. 

Polecat,  instinct  of  the,  in  paralyzing  frogs,  303. 

Pollock,  Walter,  on  sense  of  smell  in  actiniee,  83  ;  on  association  of  ideas  in 
a  parrot,  124 ;  on  delusions  in  a  dog,  150. 

Pope  on  instinct  and  reason,  266. 

Potts,  I.  H.,  on  carnivorous  tastes  developed  by  parrots,  248. 

Pouchet,  on  relation  between  instinct  and  reason,  339 ;  on  colour-sense  of 
fish,  98 ;  on  nidification  of  swallows,  211. 

Pre-perception,  state  of,  139. 

Preyer,  Professor,  on  evolution  of  colour-sense,  101-4  ;  on  infonts  preferring 
sweet  tai»t«8,  114,  and  remembering  taste  of  milk,  115  ;  on  instinct  of 
chickens,  116-17  ;  on  rapidity  of  perception  acquired  by  training,  138  ; 
on  infant  learning  to  balance  the  head,  &c.,  175-6 ;  on  imitative  move- 
ments and  dreaming  shown  by  the  infant,  225 ;  on  kataplexy  of  animals, 
308-11 ;  on  emotions  of  the  infant,  342,  344. 

Priohard,  on  a  puppy  reared  by  a  cat,  217,  224. 

Pride,  341,  345. 

Progeny,  yearning  for,  212-13. 
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Protitta  as  affected  by  li^ht,  80-1. 

Protozoa  as  affected  by  light,  80-1 ;  chasing  one  another,  81. 
Pteropoda,  eyes  of,  88. 
Pugnacity,  341,344. 

Pierguin  on  somnambulism  in  animals,  149 ;  on  delusions  of  an  ape,  160. 
Psychology,  relation  of  ComparatiTO  to  Comparative  Anatomy,  5 ;  distinction 
between,  and  Philosophy,  11. 
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B. 

Babbit,  imagination  in  the,  147-8 ;  instinctiTe  antipathy  of  the  young  to 
ferrets,  164-5 ;  imperfect  instinct  of  the,  with  regard  to  weasels,  169 ; 
natural  wildness  and  tameness  of  the,  196 ;  not  burrowing  in  Sor,  248. 

Bae,  Dr.  J.,  on  instinct  of  ducks,  196 ;  on  instinct  of  grouse,  ^1. 

Bage,  in  animals,  346. 

Batel,  habit  of  the,  in  turning  somersaults,  189,  275. 

Bats,  imderstanding  of  mechanisms  by,  851. 

Battle-sni^e,  tail  of  the,  277. 

Bazor-fish,  memory  in  the,  122. 

Beaction-time,  in  ^rception,  132-5. 

Beason,  physiological  aspect  of,  63 ;  supplementing  muscular  co-ordination 
by  machinery,  59 ;  definition  of,  318 ;  evolution  of,  319-35 ;  relation  of, 
to  perception,  819-26 ;  grades  of,  818-25 ;  in  animal  kingdom,  325-9 ; 
Mr.  Spencer's  views  on  development  of,  380-5;  Mr.  Mivart's  views 
upon,  385-40 ;  Mr.  Mills'  views  upon,  336-7 ;  in  relation  to  instinct, 
330-40. 

B&ramur,  on  larvse  remembering  the  taste  of  particular  leaves,  115 ;  on 
instincts  of  bees,  166 ;  on  instincts  of  the  capon,  171-2. 

Becognition  of  offspring,  349. 

BecoUeotion,  120. 

Beflection,  145. 

Beflex  action,  explanation  of,  and  theory  of  its  evolution,  26-33;  arising 
from  habit,  38 ;  rise  of  consciousness  from,  74-5 ;  distinction  between, 
and  sensation,  78-9 ;  in  reference  to  memory  and  association  of  ideas, 
111-24 ;  to  perception,  139-41 ;  to  instinct,  159-60. 

Begret,  in  animals,  347. 

Bhea,  mistaken  instinct  of  the,  168. 

Bemorse,  in  animals,  341. 

Bengger,  on  changed  instincts  of  a  wild  cat  in  confinement,  172 ;  on  attach- 
ment of  a  monkey  to  a  dog,  184. 

Beptiles,  sense  of  sight  in,  W);  hearing,  smell,  taste,  and  touch  of, '90; 
colour  sense  of,  98 ;  memory  in,  124 ;  perception  in,  131 ;  imagination 
in,  149, 153-4;  migrations  of,  286;  feigning  death,  305;  emotions  of, 
345 ;  gnde  of  mental  evolution  of,  350. 

Besentment,  841,  345. 

Betriever.    See  Dog. 

Bevenge,  in  animals,  341,  346. 

Shizopoda,  powers  of  special  sense  in,  80. 

Bibot,  on  memory,  111-13. 

Bing-plovers,  continuing  to  build  where  sea  has  retired,  246. 

Bomanes,  G.  J.,  observations  on  Medusa,  31-2 ;  on  sea-anemones,  48,  83 ; 
on  Xlchinodermata,  84,  342,  348-9;  on  sense  of  hearing  in  Zepi- 
doptera  and  Birds,  86,  92 ;  on  sense  of  smell  in  crabs,  87-8 ;  on  sense 
of  musical  pitch  in  a  dog,  94;  on  colour-sense  of  Octopus,  98-9;  on 
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earliest  age  at  which  an  infant  is  able  to  associate  ideas,  120-1 ;  on 
inability  of  hermit-crab  to  associate  simple  ideas,  122-3 ;  on  time-rela- 
tions in  perception,  136-7 ;  on  sense  of  mysterious  in,  and  appreciation 
of  cause  by  dogs,  155-8;  on  instinctiye  antipathy  of  young  rabbits  to 
ferrets,  164r-5 ;  on  handwriting,  194;  on  incubatory  instincts,  213-14; 
on  animals  dying  of  terror,  307-8 ;  on  instincts  and  emotions  of  the  pro- 
cessional caterpillar,  342-3 

Books,  associating  with  starlings,  185. 

Bosa,  Baptista,  on  instincts  of  the  capon,  171. 

Boss,  Sir  J.,  on  dogs  learning  how  to  attack  wild  cattle,  221. 

Boulin,  on  cats  not  howling  in  South  America,  250. 

Bouth,  Dr.,  on  a  puppy  learning  to  imitate  a  cat,  224. 

Boy,  Le,  on  imagination  of  wild  animals,  146-7  ;  on  mental  characters  of  a 
dog  of  wild  parentage,  198 ;  on  the  nugration  of  birds,  289. 


J 


s. 

Saint-Hilaire,  Qeoffroy,  on  intelligence  of  an  orang-outang,  328. 

Salmon.     See  Fish. 

Satiety,  sense  of,  95. 

Savages,  sense  of  direction  in,  289,  291 ;  tendency  to  imitation  shown  by, 
225. 

Sch&fer,  Professor  E.  A.,  on  nervous  system  of  Aurelia  aurita,  69. 

Schneider,  on  sense  of  vision  in  Serpula,  86. 

Scorpion,  alleged  instinct  of  the,  to  commit  suicide,  278. 

Sebright,  Sir  J.,  on  natural  wildness  and  tameness  of  rabbits  and  ducks, 
196 ;  on  instincts  of  an  Australian  puppy,  232 ;  on  lore  of  man  as  in- 
stinctive in  domestic  dogs,  239. 

Seebohm,  on  migration  of  birds,  289. 

Scinus  hudaonius,  change  of  instincts  in,  248. 

Seneca,  on  dreaming  in  dogs,  148. 

Sensation,  as  compound,  40-1 ;  physiological  aspect  of,  51-2 ;  defined,  78  ; 
survey  of,  in  animal  kingdom,  80-95 ;  of  temperature,  95-8 ;  of  colour, 
98-103 ;  as  distinguished  from  perception,  125-6 ;  as  stimulus  to  reflex 
action,  159-60. 

Sense,  muscular,  95 ;  of  hunger,  thirst,  and  satiety,  95 ;  of  temperature,  96-8 ; 
of  colour,  98-104. 

Serpent.     See  Beptiles. 

Serpulee,  sense  of  vision  in,  86. 

Setter.     See  Dog. 

Sexual  affection  and  selection,  341,  344. 

Shame,  in  animals,  341,  347. 

Shaw,  J.,  on  stupidity  of  dogs  in  China  and  Polynesian  Islands,  233. 

Sheep,  learning  to  avoid  poisonous  herbs,  224,  227 ;  changed  instincts  of 
under  domestication,  232 ;  killed  by  parrots,  248 ;  sense  of  direction  in, 
290. 

Sheep-dog.     See  Dog. 

Shrew-mouse  of  South  Africa,  injurious  instinct  of  the,  169  and  280. 

Shuttleworth,  Miss  C,  on  mistaken  instinct  of  bees  and  wasps,  167. 

Sight,  sense  of,  in  Protista,  81 ;  in  Medusae,  81-2 ;  in  Echinodermata,  84 ;  of 
simple  and  compound  eyes,  84-5;  of  Worms,  85-6;  of  Fish,  89;  of 
Amphibia  and  Beptiles,  90-1 ;  of  Birds,  91 ;  of  Mammals,  92 ;  reaction- 
time  of,  133 ;  in  young  animals,  161-4. 

Sigismund,  on  infants  remembering  the  taste  of  milk,  114. 

2  C 


n\ 


I 


Hi 


402 


MENTAIi  EVOLUTION  IN  ANIMALS. 


Signs,  logic  of,  325. 
Skate,  olfactory  organs  of  the,  90. 
Skylark,  feigning  death,  304. 

Smith,  Adam,  on  a  case  of  couching  for  cataract,  323-4. 
Smith,  Dr.  Andrew,  on  hyaenas  not  burrowing  in  South  Africa,  249. 
Smith,  F.,  on  instinct  of  bees,  208. 

Smith,  Col.  H.,  on  instincts  of  wild  dogs  under  domestication,  232. 
Smith,  W.  G.,  on  carnivorous  habits  of  wasps,  245. 
Snail,  memory  in  the,  122. 

Snake,  homing  faculty  of  the,  153-4 ;  feigning  death,  305. 
Smell,  sense  of  in  Protista,  81 ;  in  sea-anemones,  83 ;  in  leeches,  ants,  and 
crabs,  87-8  ;  in  Mollusca,  89 ;  in  Fish,  Amphibia,  and  Reptiles,  90 ;  in 
Birds,  92 ;  in  Mammals,  92-3. 
Snipe,  sense  of  touch  in  the,  92. 
Sucial  feelings,  in  animals,  341,  344. 
Solen  Goose,  eye  of  the,  91. 
Spalding,  Douglas,  on  instincts  of  young  birds  and  mammals,  161-5,  170-1, 

175,  213,  216. 
Spallanzani,  on  sensibility  of  blinded  bats,  94. 
Spaniel.     See  Dog. 

Speech,  acquirement  of,  by  volition,  41-2. 
Spence  and  Kirby.     See  Klrby  and  Spence. 

Spencer,  Herbert,  on  evolution  of  nerves,  30-2 ;  on  consolidation  of  states 
of  consciousness,  42-3 ;  on  evolution  of  consciousness,  74-6 ;  on  plea- 
sures and  pains,  105-7 ;  on  perception,  125 ;  on  memory,  129-30 ;  on 
pre-perception,  139 ;  on  perceptive  faculties  arising  from  reflex,  140 ;  on 
ideas  as  faint  revivals  of  perceptions,  142-3 ;  on  Fetishism  in  animals, 
154-5  ;  on  race  characteristics  in  psychology  of  man,  194 ;  on  evolution 
of  instinct,  256-62 ;  on  instincts  of  bees,  265. 
Sphex,  instincts  of  the,  179,  299-303. 
Sphinx-moth,  mistaken  instinct  of  the,  167. 

Spider,  using  stones  to  balance  web,  69  ;  imagination  in  the,  146 ;  modified 
instincts  of  a,  209 ;  distribution  of  the  trap-door,  255 ;  feigning  death, 
303.    See  Arachnida. 
Sprat,  Surinam,  eye  of  the,  90. 
Squirrel,  a,  dying  of  terror,  307. 
Star-fish.     See  Echinodermata. 
Starlings,  associating  with  rooks,  185. 
Snarling,  imitating  songs  of  other  birds,  222-3. 
St.  John,  on  inherited  tendency  to  bark  in  sporting  dogs,  236. 
Stone,  S.,  on  variation  in  nest-building  of  the  missel-tlirush,  182. 
Stroud,  Dr.  J.  W.,  on  change  of  instincts  produced  by  castration,  171-2. 
Stuorn,  on  dwindling  of  maternal  inatincts  of  cattle,  232. 
Sturm,  on  instincts  of  the  dung-beetle,  241. 
Sulivan,  Capt.,  on  natural  tameness  of  feral  rabbits,  196. 
SuUy,  J.,  on  distinction  between  sensation  and  perception,  125 ;  on  percep- 
tion as  automatic,  126 ;  on  pre-perception,  139 ;  on  illusions  of  percep- 
tion, 321-2. 
Surinam  Sprat,  eye  of  the,  90. 
Surprise,  841,  344. 

Swallow,  plasticity  and  local  variation  of  instincts  of  the,  210, 246-7 ;  migra- 
tion of  the,  296. 
Swallows,  nidification  of,  210-11. 

Swainson,  on  mistaken  instinct  of  the  Australian  parrot,  167. 
Swanderdam,  on  instincts  of  bees,  166. 
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Swift,  eye  of  the,  91.     See  Swallow. 
Sympathy,  341,  345. 

Sparrow,  nidification  of  the,  210 ;  changed  instincts  of  a,  213  ;  learning  song 
of  a  linnet,  222  ;  local  variations  of  instinct  of  the,  247. 


T. 

Tachornis  phaenieobea,  21 2. 

Tailor-bird,  modified  instincts  of  the,  210, 

Tait,  Lawson,  on  hereditary  transmission  of  begging  in  a  cat,  195. 

Tameness.     See  Wildness. 

Taste,  sense  of,  'n  Protista,  81 ;  in  Articulata,  88 ;  in  Fish,  90;  in  Amphibiti 
and  Keptiles,  90 ;  in  Birds,  92 ;  in  Mammals,  94. 

Temmick,  on  migration  of  birds,  289. 

Tennent,  Sir  E.,  on  elephants  feigning  death,  305. 

Temperature,  sense  of,  95-8. 

Terrier.     See  Dog. 

Terror,  in  animals,  345. 

Thirst,  sense  of,  95. 

Thompson,  on  imagination  in  dogs,  146,  and  other  animals,  151 ;  on  crocodiles 
dreaming,  149  ;  on  horses  becoming  attached  to  dogs  and  cats,  184 ;  on 
effects  of  domestication  in  modifying  instinct,  242 ;  on  a  monkey  feign- 
ing death,  311-12. 

Thompson,  Eev.  L.,  on  bees  eating  moths,  245. 

Thomson,  Allen,  on  instinct  of  young  chickens,  163  ;  on  instinct  of  scorpion 
to  commit  suicide,  278 ;  on  benevolence  shown  by  a  cat,  346. 

Thrush,  sense  of  hearing  in  the,  92. 

Thwaites,  on  a  breed  of  ducks  showing  fear  of  water,  188. 

Tiaropsis  indicans,  sense  of  touch  in,  83. 

Tiaropsis  polydiademata,  sense  of  sight  in,  81-2. 

Tickling,  caused  only  by  gei   le  stimulation,  62. 

Touch,  sense  of,  in  plants,  49-61,  and  55 ;  in  Medusae,  Echinodermnta, 
MoUusca,  and  Articulata,  56  ;  in  Vertebrata,  58 ;  in  Fish,  Ampliibia, 
and  Reptiles,  90;  in  Birds,  92;  in  Mammals,  94;  as  origin  of  all 
special  senses,  103-4 ;  reaction-time  of,  132. 

TrevelUan,  on  mistaken  instinct  of  a  sphinx  moth,  167. 

Trichoptera,  instincts  of,  191. 

Tricks  of  manner  inherited,  181,  185-6  ;  displayed  by  individuals, 
181-2. 

Turkeys,  instincts  of  young,  164,  175. 

Turtle,  migration  of  the,  286. 


Ulloa,  on  dogs  not  barking  in  Juan  Fernandez,  250. 


V. 

Venus'  Fly-trap.    See  DioiuBa. 

Venn,  on  association  of  ideas  by  talking  birds,  124. 

ViUiers,  De,  on  instincts  of  the  processional  caterpillar,  342. 
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Yintscbgau,  on  reaction-time  for  taste,  133. 

Virchow,  Professor,  on  distinction  between  instinct  and  reason,  169. 

Yolition,  physiological  aspect  of,  53,  352. 

Vorticella,  chased  by  another  infusorium,  81. 

Yulture,  sense  of  sight  of  the,  91 ;  of  smell,  92. 

w. 

Wallace,  A.  B.,  on  erolution  of  Man,  9 ;  on  changed  instincts  of  nidification, 

212  ;  on  nidification  as  due  to  imitation,  225-6  ;   on  migration  of  the 

lemming,  283  ;  on  migration,  288 ;  on  homing  faculty,  291. 
Water-hen,  aquatic  instincts  of  the,  253. 
Water-ovzel,  changed  instincts  of  the,  254. 
Waterton,  on  instincts  of  young  pheasants,  232;   on  instincts  of  crossed 

ducks,  199. 
Wasps.     See  Insects. 
Weasel,  feigning  death,  307> 
Weber,  on  sense  of  temperature,  96. 
Wedderbum,  Sir  D.,  on  carnivorou»  habits  of  trasps,  245. 
Weir,  on  Wallace's  theory  of  nidification  as  influenced  by  imitation,  226. 
Weissenbome,  on  a  migration  of  dragon-fiies,  286. 
Whately,  Archbishop,  on  cattle  sucking  bones,  247 ;  on  the  functions  of  the 

syllogism,  337. 
White,  C.  Coral,  on  a  fox  feigning  death,  314-15. 
White,  the  Rot.  Or.,  on  loss  of  taste  for  flesh  shown  by  dogs  of  China,  233  ; 

on  a  leveret  reared  by  a  cat,  217. 
Widgeon,  attachment  of  a,  to  a  peacock,  183-4. 
Wildness,  acquired  instinct  of,  195-7, 
Wilks,  Dr.,  on  association  of  ideas  by  talking  birds,  121. 
Will.     See  Volition. 

Willoughby,  on  instincts  of  the  capon,  171. 
Wilson,  on  improTed  nest-building  by  the  Baltimore  Oriel,  210. 
Wilson,  Sir  J.,  on  instincts  of  a  tamed  dingo  dog,  232. 
Wittich,  Ton,  on  reaction-time  for  taste,  133. 
Wolf,  feigning  death,  304;  imagination  in  the,  147. 
Wolff,  Madame  de  Meuron,  on  a  migration  of  butt  erflies,  285. 
Wolverine,  understanding  of  mechanism  by  the,  351. 
Woodcock,  wildness  and  tamencss  of  the,  197 ;  carrying  young,  211. 
Wood-louse,  feigning  death,  309. 
Wood-pecker,  changed  instincts  of  the  Ground,  254 ;  peculiar  instincts  of  the 

Californian  in  storing  acorns,  255. 
Worms.     See  Annelida. 
Wrangle,  on  geese  feigning  death,  803-4. 
Wren,  local  variation  of  instinct  of  the,  210,  ?i46;  variation  in  nest-building 

of  the  golden-crested,  182. 
Wundt,  on  analogy  between  conscious  and  unconscious  memory,  114. 

T. 

Yarrel,  on  Birds,  222,  247. 

Youatt,  on  the  Dog,  150, 198,  241 ;  on  the  Sheep,  224,  227. 


z. 

Zinken,  Dr.,  on  mistaken  instinct  of  flies,  167. 
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A. 

Alison,  on  instinct,  357,  367,  370,  375. 

Amhlyrhynchm,  tameness  of,  361. 

Angoumois  moth,  double  instincts  of  the,  373. 

Antelopes,  migrations  of,  381. 

Ants,  ceasing  to  more  eggs  M-hen  heat  is  supplied  to  them,  368 ;  instinct  r 

white,  376. 
Artamus  sordidus,  Tariations  in  nest-building  instincts  of,  372. 
Audubon,  on  nidification  of  QuUb,  369,  and  of  aterna  miiiuta,  372. 


B. 

Bachman,  on  migrations  of  the  bison  and  Canada  geese,  356;  on  migraliuiis 

of  squirrels,  380. 
Banks,  Sir  J.,  an  changed  instincts  of  a  spider,  373. 
Fiarrington,  Hon.  Daines,  on  wildness  of  large  birds,  362. 
Bd«i7er,  habitations  of  the,  372. 
Cs.e]'f?t.ein,  on  migratorj  and  non-migratory  thrushes,  355;  on  variaUons  in 

:he  singing  of  nightingales,  374. 
V  ■>>:,,  instincts  of,  in  making  queens.  376;  in  rentilating  hives,  378-9;  niis- 

iiiten  instincts  of,  382-3 ;  variation  in  instinct  of,  372-3  ;  pilbging  eaeli 

other,  375. 
BirJs,  uiigratory  habits  of,  355-9 ;  tameness  of,  in  islands  unfrequented  by 

man,   360-63 ;  nidification  of,  364-72 ;  variation  of  instinct  in,  374 ; 

instincts  of  small  in  mobbing  hawks,  382. 
Bison,  migritions  of  the,  355,  381. 
Bizcacha,  instincts  of  the,  379. 
Blackbirds,  nidification  of  a  pair  of,  371. 
Blackwall,  on  nidification,  371 ;  on  magpies  not  imitatmg  sounds  when  in  u 

state  of  nature,  374-5 ;  on  nidification  of  a  yellow  bunting,  371- 
Blyth,  on  instincts  of  removing  mutings,  &o.,  from  nests,  379 ;  on  the  wild  lieu 

cackling  over  her  eggs,  381. 
Bonnet,  on  double  instincts,  373-4;  on  instincts  of  ants,  368. 
liotio\i,  on  nidification,  369. 

Boui'goanne,  on  migratory  instinct  of  sheep  in  Spain,  358. 
Brent  goose,  migratory  impulse  of  a  worn  out,  356. 
Brougham,  Lord,  on  instincts  of  chickens,  374. 
Bruce,  on  instincts  of  the  Bee-cuckoo,  382  ;  on  instincts  of  the  Abywinian 

pigeon,  879. 
Buoh,  von,  on  animals  dying  in  the  Solfortara  of  Java,  8f  ^ 
Buffklo,  migration  of  the,  856-6. 
Burrowing,  instinct  of,  372. 
Bntoher-bird,  nidification  of  the,  382. 
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c. 

C/armichael,  Capt.,  on  tameness  of  birds  at  Tristan  d'Acunha,  361. 

Caterpillar.     See  Insects. 

Chafl^ch,  nLdifieation  of  a,  371. 

Chickens,  instincts  of.  374. 

Chrjfsomela,  feigning  ,;  \ith.  3<?4. 

Clarke,  on  migration  >  .  on,  381. 

Cluiacus,  feigning  death, . 

Colenso,  on  a  migratory  cul     j  in  New  Zealand,  360. 

Collooalia,  nidification  of,  365-6. 

Couch,  on  animals  feigning  death,  363 ;  on  nidifioation,  369,  370,  371. 

Corse,  on  elephants  attacking  companions  escaped  from  captivity,  381. 

Crow,  hooded,  fearlessness  of,  in  Egypt,  363. 

Cuckoo,  mistaken  instincts  of  the,  382 ;  instincts  of  the  Bee,  382. 

Curculis,  feigning  death,  364. 

Cuvier,  on  vocal  organs  of  Passeres,  375. 


D. 

D'Arbigny,  on  knowledge  of  time  shown  by  a  hawk,  357. 

Darwin,  Charles,  on  tameness  of  animals  in  islands  unfrequented  by  man, 
360-62;  on  a  lizard  feigning  death,  363-4;  on  niditieation  of  Collo- 
calia,  365-6  ;  on  stupidity  of  Fumarius  cunk-ularius,  371 ;  on  the  in^ 
stinct  of  burrowing,  !i72 ;  on  instincts  of  the  Guanaco  and  Bizcocha, 
379 ;  on  the  nidiilcation  of  Fumarius,  382. 

Death,  feigning  of  by  animals,  363-4. 

Deer,  expelhng  wounded  companions  from  herd,  376. 

De  Geer,  on  insects  feigning  death,  364. 

Direction,  sense  of,  shown  by  animals  and  men,  357-9. 

Dog,  irstincts  of,  with  regard  to  excrement,  379. 

Du  Bois,  on  tameness  of  birds  at  Bourbon,  361. 

Duck,  fearlessness  shown  by  wild,  of  railway-trains,  362  ;  a  logger-heade<l, 
defending  a  goose  from  a  hawk,  381. 

Dug^s,  on  double  instincts  of  spiders,  374 ;  on  materual  instincts  of  spider, 
382. 

E. 

Elephants,  attacking  companions  escaped  from  captivity,  381. 
£lk,  migrations  of  the,  360. 

F. 

Fischer,  Professor,  on  a  hen  incubating  her  eggs  in  a  hot-bed,  367. 

Fly-catcher,  a,  building  nest  upon  a  hot-house,  867. 

Fox,  wariness  and  tameness  of  the,  861. 

Fox,  the  Rev.  W.  D,,  on  the  nidification  of  a  pair  of  blackbirds,  and  a  pair 

of  redstarts,  371. 
Fremont,  Col.,  on  migrations  of  the  bison,  356. 
Fumarius  cuniculariua,  stupidity  of,  371 ;  nidification  of,  381-2. 


G. 


Qad  fly,  instinota  of  the,  876. 
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Gulden -plover,  fearlessness  shown  by  the,  of  fire-arms,  363. 

Gold-finch,  nidification  of  the,  369. 

Goodsir,  on  fearlessness  shown  by  wild  ducks  of  railway  trains,  362. 

Goose,  migratory  impulse  of  a  Brent,  worn  out,  356 ;  the  Siberian  feigning 

death,  363. 
Goring,  instinct  of,  381. 
Gould,  on  migration  of  birds,  355 ;  on  nidificalion  of  Megapodidae,  367  ;  of 

Artamus  sordidus,  372. 
Graber,  on  migratory  birds  of  Faroe,  360. 

Grey,  Sir  G.,  on  sense  of  direction  shown  by  native  Australians,  357. 
Gulls,  nidification  of,  369 ;  parasitic  instincts  of,  373. 
Guanacoes,  in&tincts  of,  379. 


H. 

Harcourt,  E,  V.,  on  non-migratory  habits  of  woodcock,  356 ;    on  absence  of 

migratory  birds  in  Madeira,  359. 
Hare,  alleged  burrows  of  the,  372. 
Hawk,  knowledge  of  time  shown  by  a,  357;   tameness  of  a,  at  Galapagos 

Islands,  361. 
Hearne,  on  habitation  of  the  beaver,  372. 
Ileineken,  Dr.,  on  non-migratory  habits  of  woodcock,  356. 
Hen,  wild  cackling  over  her  eggs,  381. 
Herbert,  Thos.,  on  tameness  of  birds  at  Mauritius,  Ttfil. 
Heron,  wildness  of  the,  362  ;  nidification  of  the,  3().'>. 
Hewitson,  C,  on  tameness  of  magpies  in  Norway,  363 ;   on  nidification  of  a 

chaffinch,  371. 
Hirundo,  migration  of,  358 ;  nidification  of,  365-6,  369-70. 
Histers,  feigning  death,  364. 
Hogg,  on  migratory  instinct  of  sheep,  358. 
Home,  on  structure  of  the  proventriculus  of  Collocalia,  366. 
Homing  faculty  in  animals,  358. 
HOgstrOm,  on  migration  of  ermines,  380. 
Horse,  instincts  of  the,  with  regard  to  excrement,  379. 
House-fly,  instincts  of  the,  with  rogai'd  to  excrement,  379. 
House-martin,  nidification  of  the,  365.     See  Martin. 
Huber,  on  bees  pillaging  each  other,  375 ;   on  mistaken  instincts  of  bees, 

382-3. 
Huber,  P.,  on  double  instincts  of  a  beetle  larva,  373. 
Hunt,  Consul  C,  on  birds  visiting  the  Azores,  358,  359-60. 
Hull,  the  Rev.  J.,  on  nidification  of  the  magpie,  370. 
Hyeenas,  not  burrowing  in  S.  Africa,  372. 
Hyrax,  instincts  of  the,  with  regard  to  excrement,  379. 


I 


I. 

Icte^UK  haltimore,  nidification  of,  372. 

Insects,  feigning  death,  363-4 ;  varied  instincts  of.  372-3  j  double  instincts 
of,  373-4 ;  hatched  in  human  body,  375 ;  instincts  of,  exhibited  only 
once,  377  ;  instincts  of,  with  regard  to  excrement,  379  ;  migrations  ot, 
878 ;  mistaken  instincts  of,  382-3. 

Instinct,  of  migration,  855-60 ;  of  fear,  360-64 ;  of  nidification,  364-72 ; 
double  in  certain  birds,  371-73,  and  in  certain  insects,  373-4;  of  mam- 
mals in  forming  habitations,  372-3 ;  of  beaver  and  musk  rat,  372  j  of 
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burrowing,  372 ;  variations  in,  of  bees,  372-3 ;  of  chickens  pecking  their 
way  out  of  eggs,  374 ;  of  gad-fly,  375 ;  of  parasitism,  375-6 ;  of  bees, 
376-6 ;  of  Molothrus  and  white  ants,  376  ;  of  digging  pitfalls,  376-7  ; 
alleged  to  be  detrimental  to  the  species  exhibiting  it,  377 ;  only  once 
exhibited,  377-8;  differences  of,  in  related  forms,  378;  small  and 
trivial,  378-9 ;  of  removing  broken  eggs  and  mutings,  379 ;  of  Abys- 
sinian pigeon,  Lagostomvs,  and  Guanaooes,  379  ;  with  regard  to  excre- 
ment, 379  ;  imperfect  and  mistaken,  380  ;  social,  381 ;  apparently 
detrimental,  381-83  ;  of  attacking  wounded  companions,  381 ;  of  cock 
pheasants  crowing  and  wild  hens  cackling,  381 ;  of  shrew-mouse  scream- 
ing, ostrich  scattering  er^gs,  382;  at  fault  in  sundry  animals,  182-3. 

Ireland,  habits  of  animals  in.     See  W.  Thompson. 

Ischndi,  on  migratory  instincts  of  Alpine  cattle,  358. 

lulm,  feigning  death,  364. 

J. 

Jackdaw,  nidification  of  a,  370  ;  stupidity  of  a,  371. 

Jenyns,  the  Eev.  L.,  on  habitations  of  rats,  372 ;   on  insects  hutched  within 

the  human  body,  375 ;  on  crowing  of  the  cock  pheasant,  381. 
Jesse,  on  the  nidification  of  a  jackdaw,  370. 


Kangaroo,  regurgitation  of  food  by  the,  374. 

Kirby  and  Spence,  on  instincts  of  insects,  364,  368,  374,  375,  376,  377,  378, 

379,  383. 
Knapp,  on  nidification  of  the  butcher-bird,  382. 


L. 

Lagoatomus,  instincts  of,  401. 

Lamarck,  on  co-operation  of  swallows,  375. 

Larvse.     See  Insects. 

Lloyd,  L.,  on  migration  of  the  lemming,  380. 

Le  Boy,  on  wariness  of  foxes  and  wolves,  361. 

Lewis,  on  migration  of  the  bison,  381. 

Le  Yaillant,  on  migratory  and  non-migratory  habits  of  quail,  365. 

Linneus,  on  instinct,  377. 

Livingstone,  on  instincts  of  hyrax,  379. 

Lizards,  wildness  and  tameness  of,  356 ;  feigning  death,  363-4. 


M. 

MacgilliTray,  on  nests  of  swifts,  365-6,  of  kitty-wrens,  368  and  370,  of 

herons,  369 ;   on  cooperation  in  martins,  876 ;   on  parasitism  in  gulls, 

876. 
Mogpie,  fearlessness  of  the,  in  Norway,  362 ;  nidification  of  the,  370 ;  powers 

of  the,  in  imitating  various  sonnds,  394-R. 
Mammals,  migrations  of,  866-6,  368-9  {  instinctive  fear  shown  by,  361 ; 

habitations  of,  872-8. 
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Martin,  nidification  of  the,  364,  369,  370. 

Martins,  cooperation  shown  by,  376. 

Martin,  W.  C,  on  regurgitation  of  food  by  the  Kangaroo,  374. 

MegapodidcB,  nidification  of,  367-8. 

Mice,  wariness  of,  362. 

Migration,  355-60 ;  of  young  birds,  355 ;  of  quail,  355 ;  of  buffalo,  365-6 ; 
theory  of,  359;  of  elk  and  reindeer,  360;  of  lemming,  squirrel,  and 
ermine,  380 ;  of  insects,  380 ;  of  pigeons,  antelopes,  and  bisons,  381. 

Molothrua,  instincts  of,  h76. 

Montague,  on  nidification  of  sparrows,  369. 

Moresby,  Capt.,  on  tameness  of  birds  at  Providence  Islands,  361. 

Mosto,  Cada,  on  tameness  of  C.  de  Verde  Island  pigeons,  361. 

Musk-rat,  habitation  of,  372. 


N. 

Nidification,  864-72 ;  of  swallows,  365-6;    of  Megapodida,  S67-H  ; 

tions  in  instinct  of,  369-73 ;  double  instinct  of,  371-72. 
Nightingale,  Tariations  in  singing  of  the,  374. 


variii- 


0. 


,ii;s 


Osm'ia,  variation  in  instincts  of,  372-3. 
Ostrich,  scattering  her  eggs,  382. 


P. 

Partridge,  variation  in  instincts  of  the,  373. 

Peabody,  on  nidification  of  Cypelus  pelasgius,  365 ;    of  kitty -wrens,  368 ;  of 

herons,  369  ;  of  Totanus  maeularius,  371 ;  of  Icterus  baltimore,  372. 
Pheasant,  maternal  instincts  of  the  hen,  379 ;  crowing  instincts  of  cock,  381. 
Pigeon,  fearlessness  of  the,  at  C.  de  Verde  Islands,  361,  and  at  Galapagos, 

363 ;  instincts  of  the  Abyssinian,  379 ;  migration  of  the  Passenger,  381 ; 

instinct  of  the,  in  attacking  wounded  companions,  380. 
Ptinus,  feigning  death,  364. 
PuleXf  variations  of  pupa  of,  374. 


Quail,  migration  of  the,  355. 


Q. 


R. 


Rae,  Dr.  J.,  on  fearlessness  shown  by  birds  of  railway  trains,  362 ;  and  of 

firearms,  368. 
Rat,  musk,  habitation  of  the,  372. 
Bat,  wariness  of  the,  862. 
B^inmur,  on  instincts  of  ants,  3P8. 
I  Lastarts,  nidification  of  a  pair  of,  371. 
Reindeer,  migrations  of  the,  360. 
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Bcinwardts,  on  animalfi  dying  in  the  Solfortara  of  Java,  389. 
Richardson,  on  nidification  of  American  swallows,  369-80. 
Boberts,  M.  E.,  on  nidification  of  Hirundo  riparia,  365. 
Bobin,  fainting  from  fright,  363  ;  nidification  of  the,  369. 


s. 

Salmon,  migrations  of  the,  355,  358. 

Savi,  Dr.  P.,  on  the  double  instinct  of  nidification  shown  by  Sylvia  cistieola, 

371. 
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DE  LONG  {Lieut.-Com.  G.  JV.) — The  Voyage  of  the  '  Jeannette.'  The 
Ship  and  Ice  Journals  of.  Edited  by  his  Wife,  Emma  I)E  Long.  With 
Portraits^  Maps,  and  many  Illustrations  on  wood  and  stone.  2  vols.  Demy  8vo. 
cloth,  price  36^. 

DESPREZ  {Philip  S.)  B.D. — Daniel  and  John  ;  or,  the  Apocalypse  of 
the  Old  and  that  of  the  New  Testament.     Demy  8vo.  cloth,  price  I2s. 

DOWDEN  {Edward)  LL.D. — Shakspere  :  a  Critical  Study  of  his  Mind 
and  Art.     Sixth  Edition.     Post  8vo.  price  I  ax. 

Studies  in  Literature,  1789-1877.    Second  Edition.    Large  pest 
8vo.  price  6s, 


Kegan  Paul,   Trench,  &  Co.*s  Publications. 


DUFFIELD  {A.  J.) — Don  Quixote  :  his  Critics  and  Commentators. 
With  a  brief  account  of  the  minor  works  of  Miguel  de  Cervantes  Saavedra, 
and  a  statement  of  the  aim  and  end  of  the  greatest  of  them  all.  A  bandy 
book  for  general  readers      Crown  8vo.  cloth,  price  3x.  dd. 

DU  MONCEL  (Count) — The  Telephone,  the  Microphone,  and  the 
Phonograph.  With  74  Illustrations.  Second  Edition.  Small  crown  8vo. 
cloth,  price  5f. 

EDGEWORTH  {F.  F.)— Mathematical  Psychics.     An  Essay  on 

the  Application  of  Mathematics  to  Social  Science.     Demy  8vo.  cloth,  7^.  6</. 

Educational  Code  of  the  Prussian  Nation,  in  its  Present  Form. 
In  accordance  with  the  Decisions  of  the  Common  Provincial  Law,  and  with 
those  of  Recent  Legislation.    Crown  8vo.  cloth,  price  is.  td. 

Education  Library.    Edited  by  Philip  Magnus  : — 

An  Introduction  to  the  History  of  Educational  Theories. 
By  Oscar  Browning,  M.A.     Second  Edition.    Cloth,  price  3^.  6</. 

Old  Greek  Education.    BytheRev.  Prof.  Mahaffy,  M.A.    Cloth, 

price  3J.  dd. 
School  Management  ;  including  a  General  Vie\v  of  the  Work  of 
Education,    Organization,   and   Discipline.     By  Joseph   Landon.     Second 
Edition.     Crown  8vo.  cloth,  6j. 

ELSDALE  {Henry) — Studies  in  Tennyson's  Idylls.  Crown  8vo. 
price  Ss. 

ELYOT  {Sir  Thomas)— Tn^  Boke  named  thi  .  )ufrnour.  Edited 
from  the  First  Edition  of  1531  by  Henry  Herbeu.  Stkhien  Ckoft,  M.A., 
Barrister-at-Law.  With  Portraits  of  Sir  Thomas  and  Latly  1  'yot,  copied  by 
permission  of  her  Majesty  from  Holbem's  Original  Drawings  ai  Windsor  Castle. 
2  vols.     Fcp.  4to.  cloth,  price  50X. 

Enoch,  the  Prophet.  The  Book  of.  Archbishop  Laurence's  Translation. 
With  an  Introduction  by  the  Author  of  the  •Evolution  of  Christianity.' 
Crown  8vc.  cloth,  price  $i. 

ERANUS.    A  Collection  of  Exercises  in  the  Alcaic  and  Sapphic 
Metres.     Edited  by  F.  W.  Cornish,  Assistant  Master  at  Eton.    Crown 
8vo.  cloth,  is. 
EVANS  {Mark)— The  Story  of  our  Father's  Love,  told  to  Children. 
Sixth  and  Cheaper  Edition.    With  Four  Illustrations.    Fcp.  8vo.  price  is.  &/ 
A  Book  of  Common  Prayer  and  Worship  for  Household  Use, 
compiled  exclusively  from  the  Holy  Scriptures.     Second  Edition.     Fcp.  8vo. 
price  IX. 
The  Gospel  of  Home  Life.    Crown  8vo.  cloth,  price  4s.  6d. 
The  King's  Story- Book.    In  Three  Parts.     Fcp.  8vo.  cloth,  price 
If.  6d.  each. 
»/  Parts  I.  and  II.  with  Eight  Illustrations  and  Two  Picture  Maps,  now  ready. 

'FAN  KWAE*  at  Canton  before  Treaty  Days,  1825-1844.    By 
An  Old  Resident.     With  Frontispieces.    Crown  8vo.  price  sj. 

FLECKER  {Rev.  Eiiezer)—^rnxvTVRK  Onomatology.    Bein^  Critical 
Notes  on  the  Septuagint  and  o^t.er  versions.     Crown  8yo.  cloth,  price  3s.  6*/. 

FLOREDICE  {W.  H.)—S.  Month  among  the  Mere  Irish.    Stiall 
crown  8vo.  cloth,  pnce  ^s. 
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GARDINER  {Samuel  R.)  and  J.  BASS  MULLINGER,  M.A,-~ 

Introduction  to  the  Study  of  English  History.    Large  crown  8vo. 
cloth,  price  % 

GARDNER  {Dorsey)  —  Quatre  Bras,  Ligny,  and  Waterloo.  A 
Narrative  of  the  Campaign  in  Belgium,  1 815.  With  Maps  and  Plans.  Demy 
Svo.  cloth,  i6j. 

Genesis  in  Advance  of  Present  Science.  A  Critical  Investigation  of 
Chapters  I.  to  IX.  By  a  Septuagenarian  Beneficed  Presbyter.  Demy  Svo. 
cloth,  price  lox.  6d, 

GENNA  {E.) — Irresponsible  Philanthropists.  Being  some  Chap- 
ters on  the  Employment  of  Gentlewomen.    Small  crown  Svo.  cloth,  price,  2s.6d, 

GEORGE    (Henry) — Progress  and  Poverty  :    an  Inquiry  into   the 
Causes  of  Industrial  Depressions,  and  of  Increase  of  Want  with  Increase  of 
Wealth.    The  Remedy.    Second  Edition.     Post  Svo.  cloth,  price  75.  6d, 
*^*  Also  a  Cheap  Edition,  limp  cloth,  is,  6d. ;  paper  covers,  is. 

GIBSON  {James  Y.) — Journey  to  Parnassus.  Composed  by  Miguel 
DE  Cervantes  Saavedra.  Spanish  Text,  with  Translation  into  English 
Tercets,  Preface,  and  Illustrative  Notes  by.     Crown  Svo.  cloth,  price  I2s. 

Glossary  of  Terms  and  Phrases.    Edited  by  the  Rev.  H.  Percy  Smith 

and  others.     Medium  Svo.  cloth,  price  12s. 

GLOVER  {F.)  M.A. — Exempla  Latina.  A  First  Construing  Book,  with 
Short  Notes,  Lexicon,  and  an  Introduction  to  the  Analysis  of  Sentences.  Fcp. 
Svo.  cloth,  price  is. 

GOLDSMID  {Sir  Francis  Henry)  Bart.,  Q.C.,  M.P.—Ukuoir  of. 
Second  Edition,  revised,  with  Portrait.     Cro\7n  Svo.  cloth,  price  6^. 

GOODENOUGH  {Commodore  J.  G.) — Memoir  of,  with  Extracts  from 
his  Letters  and  Journals.  Edited  by  his  Widow.  With  Steel  Engraved 
Portrait.     Square  Svo.  cloth,  price  $s. 

*jj*  Also  a  Library  Edition  with  Maps,  Woodcuts,  and  Steel  Engraved  Portrait. 

Square  post  Svo.  price  14;. 

GOSSE  {Edmund  W.) — Studies  in  the  Literature  of  Northern 
Europe.  With  a  Frontispiece  designed  and  etched  by  Alma  Tadema.  New 
and  Cheaper  Edition.     Large  post  Svo.  cloth,  price  6s. 

Seventeenth  Century  Studies.    A  Contribution  to  the  History  of 
English  Poetry.    Demy  Svo.  cloth,  price  lOr.  6d. 

GOULD  {Rev.  S.  Baring)  M.A. — Germany,  Present  and  Past.  New 
and  Cheaper  Edition.     Large  crown  Svo.  cloth,  price  7^.  (xi. 

GO  WAN  {Major  Walter  E.)  —  A.  Ivanoff's  Russian  Grammar. 
(1 6th  Edition).  Translated,  enlarged,  and  arranged  for  use  of  Students  of  the 
Russian  Language.     Demy  Svo.  cloth,  price  &r. 

GO  WER  {Lord  Ronald)— Hi.^'RjE.w.itii&CB.viCis.s.  Second  Edition,  a  vols. 
With  Frontispieces.     Demy  Svo.  cloth,  price  yis, 

GRAHAM  { William)  M.A.—Tkb,  Creed  or  Science,  Religious,  Moral, 
and  Social.    Demy  Svo.  cloth,  price  ts. 

GRIFFITH  {Thomas)  A.M.— Tkz  Gospel  of  the  Divine  Life  :  a 
Stady  of  the  Fourth  Evangellit.    Demy  Svo.  cloth,  price  I4r. 
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GRIMLEY  {Rev.  H.  N.)  M.A. — ^Tremadoc  Sermons,  chiefly  on  the 
Spiritual  Body,  the  Unseen  World,  and  the  Divine  Humanity. 
Third  Edition.     Crown  8vo.  price  dr. 

HAECKEL  (Prof.  Ernst) — ^The  History  of  Creation.  Translation 
revised  by  Professor  E.  Ray  Lankester,  M.A.,  F.R.S.  With  Coloured  Plates 
and  Genealogical  Trees  of  the  various  groups  of  both  plants  and  animals. 
2  vols.     Third  Edition.     Post  8vo.  cloth,  price  32J. 

The  History  of  the  Evolution  of  Man.  With  numerous  Illustra- 
tions.   2  vols.    Post  8vo.  price  32J. 

A  Visit  to  Ceylon.    Post  8vo.  cloth,  price  ^s.  dd. 

Freedom  in  Science  and  Teaching.  With  a  Prefatory  Note  by 
T.  H.  Huxley,  F.R.S.    Crown  Svo.  cloth,  price  Sx. 

Half-Crown  Series  : — 

A  Lost  Love.     By  Anna  C.  Ogle  (Ashford  Owen). 

Sister  Dora  :  a  Biography.    By  Margaret  Lonsdale. 

True  Words  for  Brave  Men  :  a  Book  for  Soldiers  and  Sailors. 

By  the  late  Charles  Kingsley. 
An  Inland  Voyage.    By  R.  L.  Stevenson. 
Travels  with  a  Donkey.    By  R.  L.  Stevenson. 
Notes  of  Travel  :  being  Extracts  from  the  Journals  of  Count  von 

Moltke. 
English  Sonnets.    Collected  and  Arranged  by  J.  Dennis. 
London  Lyrics.     By  F.  Locker. 
Home  Songs  for  Quiet  Hours.    By  the  Rev.  Canon  R.  H.  Baynes. 

HAWEIS  (Rev.  H.  R.)  JJ/".^.— Current  Coin.  Materialism— The 
Devil  —  Crime  —  Drunkenness  —  Pauperism  —  Emotion  —  Recreation —  The 
Sabbath.     Fifth  and  Cheaper  Edition.     Crown  Svo.  price  $s. 

Arrows  in  the  Air.  Fifth  and  Cheaper  Edition.  Crown  Svo. 
cloth,  price  5^. 

Speech  in  Season.    Fifth  and  Cheaper  Edition.    Crown  Svo.  price  5s. 

Thoughts  for  the  Times.  Thirteenth  and  Cheaper  Edition. 
Crown  Svo.  price  $s. 

Unsectarian  Family  Prayers.  New  and  Cheaper  Edition.  Fcp. 
Svo.  price  ij-.  6d. 

HAWKINS  (Edwards  Comer/ord)  —  S>v\mi:  and  Form.  Sermons 
preached  in  the  Parish  Church  of  Leatherhead.     Crown  Svo.  cloth,  price  (a. 

HAWTHORNE  {Naf/ianiel)~W orks.    Complete   in  12  vols.    Large 
post  Svo.  each  vol.  js.  6d. 
Vol.  I.  TwicE-ToLD  Tales. 

II.  Mosses  from  an  Old  Manse. 

in.  The  House  of  the  Seven  Gables,  and  The  Snow  Image. 
IV.  TheWonderBook,TanglewoodTales,  and  Grandfather's  Chair. 
V.  The  Scarlet  Letter,  and  The  Blithedale  Romance. 
VI.  The  Marble  Faun.     (Transformation.) 
VII.  &  VIII.  Our  Old  Home,  and  English  Note-Books. 
IX.  American  Note-Books. 
X.  French  and  Italian  Note-Books. 
XI.  Septimius  Fei-ton,  The  Dolliver    Romance,  Fanshawe,  and, 

in  an  appendix,  The  Ancestral  Footstep. 
Xll.  Tales  and  Essays,  and  Other  Papers,  with  a  Biographical 
Skstcii  of  Hawthorne. 
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HA  YES  (A.  If.)  fun. — New  Colorado  and  the  Santa  F£  Trail. 
With  Map  and  60  Illustrations.     Crown  8vo.  cloth,  price  ^r. 

HENNESSY (Sir  John  Pope) — Ralegh  in  Ireland,  with  his  Letters 
ON  Irish  Affairs  and  some  Contemporary  Documents.  Large  crown 
8v6.  printed  on  hand-made  paper,  parchment,  price  lar.  dd, 

HENRY  {Philip) — Diaries  and  Letters.  Edited  by  Matthew  Henry 
Lee.     Large  crown  8vo.  cloth,  is.  6d. 

HIDE  {Albert) — The  Age  to  Come.    Small  crown  8vo.  cloth,  2s.  6d. 

HIME  {Major  H.  W.  L.)  R.A. — Wagnerism  :  a  Protest.  Crown  8vo. 
cloth,  zr.  fid. 

HINTON  {/.)—Tn^  Mystery  of  Pain.  New  Edition.  Fcp.  8vo. 
cloth  Ump,  is. 

Life   and   Letters.    Edited  by  Ellice  Hopkins,  with  an  Intro- 

ductionby  Sir  W.  W.  Gull,  Bart.,  and  Portrait  engraved  on  Steel  by  C.  H. 
Jeens.     Fourth  Edition.     Crown  8vo.  price  &r.  6d. 

HOLTHAM  {E.   G^.)— Eight  Years  in  Japan,  1873-1881.     Work, 

Travel,  and  Recreation.     With  3  Maps.     Large  crown  8vo.  cloth,  price  gj. 

HOOPER  {Mary) — Little  Dinners:  How  to  Serve  them  with 
Elegance  and  Econ  "^mv.     Seventeenth  Edition.     Crown  8vo.  price  2s.  6d. 

Cookery  for  Invalids,  Persons  of  Delicate  Digestion,  and 
Children.    Third  Editio.-\.    Crown  8vo.  price  2j.  6d. 

Every-Day  Meals.  Beirg  Economical  and  Wholesome  Recipes 
for  Breakfast,  Luncheon,  aid  Supper.  Sixth  Edition.  Crown  8vo.  cloth, 
price  2s,  6J. 

HOPKINS  {Ellice) — Life  and  Letters  of  James  Hinton,  with  an 
Introduction  by  Sir  W.  W.  Gull,  Bart.,  and  Portrait  engraved  on  Steel  by 
C.  H.  Jeens.    Fourth  Edition.     Crown  8vo.  price  8j.  6rf. 

Work  amongst  Working  Men.     Fourth  Edition.      Crown  Svo. 

cloth,  3^.  fid. 

HOSPITALIER  (^.)— The  Modern  Applications  of  Electricity. 
Translated  and  Enlarged  by  Julius  Maier,  Ph.D.  2  vols.  With  numerous 
Illustrations.     Demy  Svo.  cloth,  Ms.  ftd.  each  volume. 

Vol.  I. — Electric  Generators,  Electric  Light. 

II. — Telephone  :  Various  Applications  :  Electrical  Transmbsion  of  Energy. 

Household  Readings  on  Prophecy.  By  A  Layman.  Small  crown 
8vo.  cloth,  price  3; .  fid. 

HUGHES  {Henry) — The  Redemption  of  the  World.  Crown  8vo. 
cloth,  price  3^ .  fid. 

HUNTINGFORD  {Rev.  E.)  D.C.Z.  — The  Apocalypse.  With  a 
Commentary  and  Introductory  Essay.     Demy  Svo.  cloth,  gs. 

HUTTON  {Arthur)  M.A. — The  Anglican  Ministry  :  its  Nature  and 
Value  in  relation  to  the  Catholic  Priesthood.  With  a  Preface  by  his  Eminence 
Cardinal  Newman.    Demy  Svo.  doth,  price  141. 
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HUTTON  {Charles  F.)  —  Unconscious  Testimony;  or,  ohiJ  Silent 
Witness  of  the  Hebrew  to  the  Truth  of  the  Historm  x  Scrip- 
tures.    Crown  8vo.  cloth,  zs.  6d. 

IM  THURN  {Everard  F.) — Among  the  Indians  of  British  Guiana. 
Being  Sketches,  chiefly  Anthropologic,  from  the  Interior  of  British  Guiana. 
With  numerous  Illustrations.    Demy  8vo.  cloth. 

JENKINS  (E.)  and  RAYMOND  (/)— The  Architect's  Legal 
Handbook.     Third  Edition,  Revised.     Crown  8vo.  price  6s. 

JENKINS  {Rev.  R.  C.)  M.A.—Tvie.  Privilege  of  Peter  and  the  Claims 
of  the  Roman  Church  confronted  with  the  Scriptuics,  the  Councils,  and  the 
Testimony  of  the  Popes  themselves.    Fcp.  8vo.  price  3j.  6d. 

JERVIS  {Rev.  W.  Henley) — The  Gallican  Church  and  the  Revo- 
lution. A  Sequel  to  the  History  of  the  Church  of  France,  from  the  Con- 
cordat of  Bologna  to  the  Revolution.    Demy  8vo.  cloth,  price  iZs. 

JOEL  (Z.) — A  Consul's  Manual  and  Shipowner's  and  Shipmaster's 
Practical  Guide  in  their  Transactions  Abroad.  With  Definitions  of 
Nautical,  Mercantile,  and  Legal  Terms ;  a  Glossary  of  Mercantile  Terms  in 
English,  French,  German,  Italian,  and  Spanish ;  Tables  of  the  Money,  Weights, 
and  Measures  of  the  Principal  Commercial  Nations  and  their  Equivalents  in 
British  Standards;  and  Forms  of  Consular  and  Notarial  Acts.  Demy  8vo. 
cloth,  price  \2s. 

JOHNSTONE  (C  F.)  M.A.—Aisiomck'L  Abstracts':  being  Outlines 
of  the  History  of  some  of  the  less  known  States  of  Europe.  Crown  8vo.  cloth, 
price  Is.  (td. 

JOLLY  {William)  F.R.S.E. —]omi  Duncan,  Scotch  Weaver  and 
Botanist.  With  Sketches  of  his  Friends  and  Notices  of  his  Times.  With 
Portrait.     Second  Edition.     Large  crown  8vo.  cloth,  price  9J. 

JONES  {C.  A.) — ^The  Foreign  Freaks  of  Five  Friends.  With  30 
Illustrations.     Crown  8vo.  cloth,  6s. 

JOYCE  {P.  W.)  LL.D.  <S-f.— Old  Celtic  Romances.  Translated  from 
the  Gaelic.    Crown  8vo.  cloth,  price  7;.  6d. 

JOYNES{J.  Z.)-.The  Adventures  of  a  Tourist  in  Ireland.  Small 
crown  8vo.  cloth,  price  is.  6d. 

KAUFMANN {Rev,  M.)  j9.^.— Socialism :  its  Nature,  its  Dangers,  and 
its  Remedies  considered.    Crown  8vo.  price  ^i.  6d. 

Utopias  ;  or,  Schemes  of  Social  Improvement,  from  Sir  Thomas  More 
to  Karl  Marx.    Crown  8vo.  cloth,  price  Sf. 

KAY  {Joseph)— 'SvcEX.IvLKa^  in  Land.  Edited  by  his  Widow.  With 
Preface  by  the  Right  Hon.  John  Bright,  M.P.  Sixth  Edition.  Crown 
Svo.  cloth,  price  5j. 

KEMPIS  {Thomas  <J)— Of  the  Imitation  of  Christ.  Parchment 
Library  Edition,  6s.  \  or  vellum,  ^s.  6d.  The  Red  Line  Edition,  fcp.  Svo. 
cloth,  red  edgei,  price  aj.  6d.  The  Cabinet  Edition,  small  Svo.  cloth,  red 
edges,  price  if.  6d.    The  Miniature  Edition,  3amo.  cloth,  red  edges,  price  if. 
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KENT  (C.) — Corona  Catholica  ad  Petri  successoris  Pedes 
Oblata.  De  Summi  Pontificis  Leonis  XIII.  Assumptione  Epigramma. 
In  Quinquaginta  Linguis.     Fcp.  4to.  doth,  price  15X. 

KETTLE  WELL  {Rev.  5.)— Thomas  X  Kempis  and  the  Brothers 
OF  Common  Life.    2  vols.     With  Frontispieces.     Demy  8to.  cloth,  301. 

KIDD  {Joseph)  M.D. — ^The  Laws  of  Therapeutics  ;  or,  the  Science 
and  Art  of  Medicine.    Second  Edition.     Crown  8vo.  price  6f . 

KINGSFORD  {Anna)  M.D.—lva.  Perfect  Way  in  Diet.  A  Treatise 
advocating  a  Return  to  the  Natural  and  Ancient  Food  of  Race.  Small  crown 
8vo.  cloth,  price  2s. 

KINGSLEY {Charles)  M.A. — ^Letters  and  Memories  of  his  Life. 
Edited  by  his  Wife.     With  Two  Steel  Engraved  Portraits  and  Vignettes. 
Thirteenth  Cabinet  Edition,  in  2  vols.     Crown  8vo.  cloth,  price  \2s. 
«*«  Also  a  new  and  condensed  edition  in  i  vol.     With  Portrait.     Crown  8vo. 
cloth,  price  6r. 

All  Saints'  Day,  and  other  Sermons.     Edited  by  the  Rev.  W. 
Harrison.    Third  Edition.    Crown  8vo.  price  Is.  6d. 

True  Words  for  Brave  Men.    A  Book  for  Soldiers'  and  Sailors' 
Libraries.     Tenth  Edition.     Crown  8vo.  price  zr.  6d. 

KNOX  {Alexander  A.) — ^The  New  Playground  ;  or,  Wanderings  in 
Algeria.     New  and  Cheaper  Edition.     Large  crown  8vo.  cloth,  price  6s. 

LANDON  {Joseph) — School  Management  ;  including  a  General  View 
of  the  Wbrk  nf  Education,  Organisation,  and  Discipline.  Second  Edition. 
Crown  8vo.  cloth,  price  6f. 

LA  URIE  {S.  S.) — The  Training  of  Teachers,  and  other  Educational 
Papers.     Crown  8vo.  cloth,  price  Js.  6d. 

LEE  {Rev.  F.  G.)  D.C.L. — ^The  Other  World;  or,  Glimpses  of  the 
Supernatural.     2  vols.    A  New  Edition.    Crown  8vo.  price  1$^. 

Letters  from  a  Young  Emigrant  in  Manitoba.  Second  Edition. 
Small  crown  8vo.  cloth,  price  3r.  6d. 

LEWIS  {Edward  Dillon) — A  Draft  Code  of  Criminal  Law  and 
Procedure.    Demy  8vo.  cloth,  price  ais, 

LILLIE  {Arthur)  M.R.A.S. — The  Popular  Life  of  Buddha.  Contain- 
ing an  Answer  to  the  Hibbert  Lectures  of  1881.  With  Illustrations.  Crown 
8vo.  cloth. 

LINDSA  Y  { W.  Lauder)  M.D.,  F.R.S.E.,  di-r.— Mind  in  the  Lower 
Animals  in  Health  and  Disease.    2  vols.    Demy  8vo.  cloth,  price  32 j. 
Vol.  I. — Mind  in  Health.    Vol.  II. — Mind  in  Disease. 

LLOYD  { Walter) — ^The  Hope  of  the  World  :  An  Essay  on  Universal 
Redemption.     Crown  8vo.  cloth,  5;. 

LONSDALE  {Mar^garet)— Sister  Dora:  a  Biography.  With  Portrait. 
Twenty-fifth  Edition.     Crown  8vo.  cloth,  price  2s.  ftd. 

LOWDER  {Charles)— A.  Biography.  By  the  Author  of  'St.  Teresa.' 
New  and  Cheaper  Edition.  Large  erown  8vo.  With  Portrait.  Cloth, 
price  %s.  6d. 

LYTTON  {Edward  Bulwer,  Lord)— Life,  Letters,  and  Literary 
Remains.  By  his  Son  the  Earl  of  Lytton.  With  Portraits,  Illustrations, 
and  Facsimiles.    Demy  Svo.  cloth.  [Vols.  I.  and  II.  just  ready. 


MACHIAVELLI  {Niccclb) — Discourse  on  the  First  Decade  op 
Titus  Livius.  Translated  from  the  Italian  by  Ninian  Hill  Thomson,  M.  A. 
Large  crown  8vo.  cloth,  price  \2s. 

The  Prince.    Translated  from  the  Italian  by  N.  H.  T.    Small  crown 
8vo.  printed  on  hand-made  paper,  cloth,  bevelled  boards,  6;. 

MACKENZIE  (A/acander^^Hovr  India  is  Governed.  Being  an 
Account  of  England's  work  in  India.     Small  crown  8vo.  cloth,  2s. 

MACNAUGHT {Rev.  John)— CcEXiK  Domini  :  An  Essay  on  the  Lord's 
Supper,  its  Primitive  Institution,  Apostolic  Uses,  and  Subsequent  History. 
Demy  8vo.  price  i^f. 

MACWALTER  (Rev.  G.  5.)— Life  of  Antonio  Rosmini  Serbati 
(Founder  of  the  Institute  of  Charity).    2  vols.    Demy  8vo.  cloth. 

[Vol.  I.  now  ready,  price  \2s. 

MAGNUS  {Mrs.) — About  the  Jews  since  Bible  Times.  From  the 
Babylonian  Exile  till  the  English  Exodus.     Small  crown  8vo.  cloth,  price  6s. 

MAIR  {R.  S.)  M.1D.^  F.R.C.S.E.—TiiE  Medical  Guide  for  Anglo- 
Indians.  Being  a  Compendium  of  Advice  to  Europeans  in  India,  relating 
to  the  Preservation  and  Regulation  of  Health.  With  a  Supplement  on  the 
Management  of  Children  in  India.  Second  Edition.  Crown  8vo.  limp  cloth, 
price  y.  6d. 

MALDEN  {Henry  Ei/u>t)—Yiis.vNA,  1683.  The  History  and  Conse- 
quences of  the  Defeat  of  the  Turks  before  Vienna,  September  12,  1683,  by 
John  Sobieski,  King  of  Poland,  and  Charles  Leopold,  Duke  of  Lorraine. 
Crown  8vo.  cloth,  price  4f.  6J. 

Many  Voices. — A  Volume  of  Extracts  from  the  Religious  Writers  of 
Christendom,  from  the  First  to  the  Sixteenth  Century.  With  Biographical 
Sketches.     Crown  8vo.  cloth  extra,  red  edges,  price  6s. 

MARKHAM  {Capt.  Albert  Hastings)  R.N.—Taz  Great  Frozen  Sea  : 
a  Personal  Narrative  of  the  Voyage  of  the  Alert  during  the  Arctic  Expedition 
of  1875-6.  With  Six  Full-page  Illustrations,  Two  Maps,  and  Twenty-seven 
Woodcuts.     Sixth  and  Cheaper  Edition.    Crown  8vo.  cloth,  price  6s. 

A  Polar  Reconnaissance:   being  the  Voyage  of  the  Isbjorn  to 
Novaya  Zemlya  in  1879.    With  10  Illustrations.    Demy  8vo.  cloth,  price  \6s. 

Marriage  and  Maternity;  or,  Scripture  Wives  and  Mothers.  Small 
crown  8vo.  cloth,  price  4J.  6d, 

MARTINEAU  {Gertrude)— OvruKit  Lessons  on  Morals.  Small 
crown  8vo.  cloth,  price  3;.  6d. 

MAUDSLEY {H.)  M.D.— Body  and  Will.  Being  an  Essay  Concern- 
ing  Will,  in  its  Metaphysical,  Physiological,  and  Pathological  Aspects.  8vo. 
cloth,  price  I2s. 

McGRATH  (7ir«ir*)— Pictures  from  Ireland.  New  and  Cheaper 
Edition.    Crown  8vo.  cloth,  price  ts. 

MEREDITH  {M.  .<4.)  — •  Theotokos,  the  Example  for  Woman. 
Dedicated,  oy  permission,  to  Lady  Agnes  Wood.  Revised  by  the  Venerable 
Archdeacon  Dbnison.    32mo.  limp  cloth,  \s,  6d. 
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MILLER  {Edward) — ^The  History  and  Doctrines  of  Irvingism  ; 
or,  the  so-called  Catholic  and  Apostolic  Church.  2  vols.  Large  post  8vo. 
price  25^. 

The   Church   in  Relation  to  the  State.    Laige  crown  8vo. 

cloth,  price  7f .  6</. 

MINCHIN{J.  G.) — Bulgaria  SINCE  the  War  :  Notes  of  a  Tour  in  the 
Autumn  of  1879.     Small  crown  8vo.  cloth,  price  3;.  f>d. 

MITFORD  {Bertram)— THfLOVGH  the  Zulu  Country.  Its  Battlefields 
and  its  People.     With  five  Illustrations.     Demy  8vo.  cloth,  price  14;. 

MIVART{St.  George) — Nature  and  Thought.  An  Introduction  to  a 
Natural  Philosophy.     Demy  8vo.  cloth,  price  lor.  ftd. 

MOCKLER  {E.) — A  Grammar  op  the  Baloochee  Language,  as  it  is 
spoken  in  Makran  (Ancient  Gedrosia),  in  the  Persia-Arabic  and  Roman 
characters.     Fcp.  8vo.  price  5^ . 

MOLES  IVOR  TIT  {W.  Nassau)— Histoky  of  the  Church  of  Eng- 
land FROM  1660.     Large  crown  8vo.  cloth,  price  Js.  6d. 

MORELL  {J.  iP.)— Euclid  Simplified  in  Method  and  Language. 
•      Being  a  Manual  of  Geometry.     Compiled  from  the  most  important  French 
Works,   approved  by  the  University  of  Paris  and  the  Minister  of  Public 
Instruction.     Fcp.  8vo.  price  2x.  6</. 

MORSE  {E.  S.)  RA.JD.— First  Book  of  Zoology.  With  numerous 
Illustrations.     New  and  Cheaper  Edition.     Crown  8vo.  price  2s.  6d. 

MURPHY  {J.  iV.)— The  Chair  of  Peter  ;  or,  the  Papacy  Considered 
in  its  Institution,  Development,  and  Organization,  and  in  the  BeAefits  which  for 
over  Eighteen  Centuries  it  has  conferred  on  Mankind.    Demy  8vo.  cloth,  i8x. 

NELSON  {J.  H.)  M.A. — A  Prospectus  of  the  Scientific  Study  of 
THE  HindO  Law.    Demy  8vo.  cloth,  price  gs. 

NEWMAN  {J.  H.)  D.D. — Characteristics  from  the  Writings  of. 

Being    Selections   from   his  various  Works.     Arranged  with  the  Author's 

personal  Approval.     Sixth  Edition.     With  Portrait.     Crown  8vo.  price  6j. 
%*  A  Portrait  of  Cardinal  Newman,  mounted  for  framing,   can  be  had,  price 

2f .  (id. 
NEWMAN  {Francis   William) — Essays  on  Diet.    Small  crown  8vo. 

cloth  limp,  price  is. 

New  Werther.    By  Loki.    Small  crown  8vo.  cloth,  price  2s.  6d. 

NICHOLSON  {Edward  Byron)— 'Ik's,  Gospel  according  to  the 
Hebrews.  Its  Fragments  Translated  and  Annotated  with  a  Critical  Analysis  of 
the  External  and  Internal  Evidence  relating  to  it.   Demy  8vo.  cloth,  price  9^.  6d. 

A  New  Commentary  on  the  Gospel  according  to  Matthew. 

Demy  8vo.  cloth,  price  12s. 

NICOLS  {Arthur)  FG.S.,  F.R.G.S.— Chatters  from  the  Physical 
History  of  the  Earth  :  an  Introduction  to  Geology  and  Palaeontology. 
With  numerous  Illustrations.    Crown  8vo.  cloth,  price  5x. 

NOPS  {Marianne)— Class  Lessons  on  Euclid.  Part  I.  containing  the 
First  Two  Books  of  the  Elements.     Crown  8vo.  cloth,  price  2s.  6d. 

Notes  on  St.  Paul's  Epistle  to  the  Galatians.  For  Readers  of  the 
Authorised  Version  or  the  Original  Greek.     Demy  8vo.  cloth,  price  2s.  6J. 
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NucES :  Exercises  on  the  Syntax  of  the  Public  School  Latin  Primer. 

New  Edition  in  Three  Parts.     Crown  8vo.  each  is. 
*«*  The  Three  Parts  can  also  be  had  bound  together  in  cloth,  price  3;. 

OATES {Frank)  F.R.G.S. — Matabele  Land  and  the  Victoria  Falls. 

A  Naturalist's  Wanderings  in  the  Interior  of  South  Africa.  Edited  by  C.  G. 
Oates,  B.A.  With  numerous  Illustrations  and  4  Maps.  Demy  8vo.  cloth, 
price  21X. 

OGLE  ( W.)  M.D.y  F.R.  C.P. — ^Aristotle  on  the  Parts  of  Animals. 
Translated,  with  Introduction  and  Notes.    Royal  8vo.  cloth,  \2s.  6d. 

OKEN  (Zorgnz)  Life  of. — By  Alexander  Ecker.  With  Explanatory 
Notes,  Selections  from  Oken's  Correspondence,  and  Portrait  of  the  Professor. 
From  the  German  by  Alfred  Tulk.     Crown  8vo.  cloth,  price  6j. 

OMEARA  (Kathleen) — Frederic  Ozanam,  Professor  of  the  Sorbonne : 
his  Life  and  Work.     Second  Edition.    Crown  8vo.  cloth,  price  p.  ftd. 

Henri  Perreyve  and  his  Counsels  to  the  Sick.     Small  crown 
8vo.  cloth,  price  5j. 

OSBORNE  {Rev.  W.  A.) — The  Revised  Version  of  the  New  Testa- 
ment. A  Critical  Commentary,  with  Notes  upon  the  Text.  Crown  8vo. 
cloth,  price  5j. 

OTTLE  Y  {Henry  BickersMX)—TH^  Great  Dilemma  :  Christ  His  own 
Witness  or  His  own  Accuser.  Six  Lectures.  Second  Edition.  Crown  8vo. 
cloth,  price  3x.  6d. 

Our  Public  Schools — Eton,  Harrow,  Winchester,  Rugby,  West- 
minster, Marlborough,  The  Charterhouse.    Crown  8vo.  doth,  price  6s. 

OWEN{F.  M.) — ^John  Keats  :  a  Study.    Crown  8vo.  cloth,  price  6j. 

OWEN  {Rev.  Robert)  B.D. — Sanctorale  Catholicum;  or,  Book  of 
Saints.  With  Notes,  Critical,  Exegetical,  and  Historical,  Demy  8vo.  cloth, 
price  \%s. 

OXEN  HAM  {Rev.  F.  Nutcombe)— What  is  the  Truth  as  to  Ever- 
lasting Punishment?  Part  II.  Being  an  Historical  Enquiry  into  the 
Witness  and  Weight  of  certain  Anti-Origenist  Councils.  Crown  8vo.  cloth, 
2s.  6d. 

OXONIE NS/S—lSLoM AmstA,  Protestantism,  Anglicanism.     Being  a 

Layman's  View  of  some  Questions  of  the  Day.  Together  with  Remarks  on 
Dr.  Littledale's  '  Plain  B^asons  against  Joining  the  Church  of  Rome.'  Small 
crown  8vo.  cloth,  3s.  6d. 

PALMER  {the  late  Willtapt)—lJoTES  of  a  Visit  to  Russia  in  1840-41. 
Selected  and  arranged  byJOHwH.  Cardinal  Newman.  With  Portrait.  Crown 
8vo.  doth,  Ss.  6d. 
Parchment  Library.   Choicely  printed  on  hand-inade  paper,  limp  parch- 
ment antique,  6s. ;  vellum,  7*.  6d.  each  volume. 

English  Lyrics. 

The  Sonnets  of   John  Milton.     Edited  by  Mark   Pattison. 
With  Portrait  after  Vertue. 

Poems  by  Alfred  Tennyson,   a  vols.   With  Miniature  Frontispieces 
by  W.  B.  Richmond. 

French  Lyrics.    Selected  and  Annotated  by  George  Saintsbury. 
With  miniature  Frontispiece,  designed  and  etched  by  H.  G.  GlindonL 
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Parchment  Library— continued. 

The  Fables  of  Mr.  John  Gay.  With  Memoir  by  Austin  Dobson, 
and  an  etched  Portrait  from  an  unfinished  Oil-sketch  by  Sir  Godfrey  Kneller. 

Select  Letters  of  Percy  Bysshe  Shelley.  Edited,  with  an  Intro- 
tion,  by  Richard  Garnett. 

The  Christian  Year;  Thoughts  in  Verse  for  the  Sundays  and 
Holy  Days  throughout  the  Year.  With  etched  Portrait  of  the  Rev.  J.  Keble, 
after  the  Drawing  by  G.  Richmond,  R.A. 

Shaksperb's  Works.    Complete  in  Twelve  Volumes. 

Eighteenth  Century  Essays.  Selected  and  Edited  by  Austin 
Dobson.     With  a  Miniature  Frontispiece  by  R.  Caldecott 

Q.  HoRATi  Flacci  Opera.  Edited  by  F.  A.  Cornish,  Assistant 
Master  at  Eton.  With  a  Frontispiece  after  a  design  by  L.  Alma  Tadema. 
Etched  by  Leopold  Lowenstam. 

Edgar  Allan  Poe's  Poems.  With  an  Essay  on  his  Poetry  by 
Andrew  Lang,  and  a  Frontispiece  by  Linley  Samboume. 

Shakspere's  Sonnets.  Edited  by  Edward  Dowden.  With  a 
Frontispiece  etched  by  Leopold  Lowenstam,  after  the  Death  Mask. 

English  Odes.  Selected  by  Edmund  W.  Gosse.  With  Frontis- 
piece on  India  paper  by  Hamo  Thomycroft,  A.R.A. 

Of  the  Imitation  of  Christ.  By  Thomas  A  Kempis.  A  revised 
Translation.  With  Frontispiece  on  India  paper,  from  a  Design  by  W.  B. 
Richmond. 

Tennyson's  The  Princess  :  a  Medley.  With  a  Miniature  Frontis- 
piece by  H.  M.  Paget,  and  a  Tailpiece  in  Outline  by  Gordon  Browne. 

Poems  :  Selected  from  Percy  Bysshe,  Shelley.  Dedicated  to  Lady 
Shelley.    With  Preface  by  Richard  Garnet  and  a  Miniature  Frontispiece. 

Tennyson's  '  In  Memoriam.'   With  a  Miniature  Portrait  in  eau-forte 
by  Le  Rat,  after  a  Photograph  by  the  late  Mrs.  Cameron. 
*,*  The  above  Volumes  may  also  be  had  in  a  variety  of  leather  bindings. 

PARSLOE  {Joseph)  —  Our  Railways.  Sketches,  Historical  and 
Descriptive.  With  Practical  Information  as  to  Fares  and  Rates,  &c.,  and  a 
Chapter  on  Railway  Reform.     Crown  8vo.  price  6s. 

PAUL  (C  Kegan) — Biographical  Sketches.  Printed  on  hand-made 
paper,  bound  in  buckram.     Second  Edition.    Crown  8vo.  price  "js,  6d, 

PA  UL  (A/exander)— Short  Parliaments.  A  History  of  the  National 
Demand  for  Frequent  General  Elections.  Small  crown  8vo.  cloth,  price  y.  6d, 

PEARSON  {Rev.  ^)— Week-day  Living.  A  Book  for  Young  Men 
and  Women.     Second  Edition.     Crown  8vo.  cloth,  5j. 

PENRICE  {Maj.  J.)  B.A. — A  Dictionary  and  Glossary  of  the 
Ko-RAN.  With  Copious  Grammatical  References  and  Explanations  of  the 
Text.    4to.  price  2IJ. 

PESCHEL  {Dr.  Oscar) — ^The  Races  of  Man  and  their  Geographical 
Distribution.    Large  crown  8vo.  price  9;. 

PETERS  {F.  JK)— -The  Nicomachean  Ethics  of  Aristotle.  Trans- 
lated by.    Crown  8vo.  cloth,  price  6s. 
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PHIPSON (E.)—Tn^  Animal  Lore  of  Shakspeare's  Time.  Including 
Quadrupeds,  Birds,  Reptiles,  Fish,  and  Insects.  Large  post  8vo.  cloth,  price  qj. 

PIDGEON  (2?.)— An  Engineer's  Holiday  ;  or,  Notes  of  a  Round 
Trip  from  Long.  0"»  to  0°.  New  and  Cheaper  Edition.  Large  crown  8vo.  cloth, 
price  ^s,  6d. 

PRICE  {Prof.  Bonamy) — Currency  and  Banking.  Crown  8vo.  Price  6j. 

Chapters  on  Practical  Political  Economy.  Bein^r  the  Substance 
of  Lectures  delivered  before  the  University  of  Oxford.  New  and  Cheaper 
Edition.     Large  post  8vo.  price  5;. 

Pulpit  Commentary  (The).  Old  Testament  Series.  Edited  by  the  Rev. 
J.  S.  ExELL  and  the  Rev.  Canon  H.  D.  M.  Spence. 

Genesis.  By  Rev.  T.  Whitelaw,  M.A.  With  Homilies  by  the  Very 
Rev.  J.  F.Montgomery,  D.D.,  Rev.  Prof  R.  A.  Redford,  M.A.,  LL.B., 
Rev.  F.  Hastings,  Rev.  W.  Roberts,  M.A.  ;  an  Introduction  to  the  Study 
of  the  Old  Testament  by  the  Venerable  Archdeacon  Farrar,  D.D.,  F.R.S. ; 
and  Introductions  to  the  Pentateuch  by  the  Right  Rev.  H.  COTTERILL,  D.D., 
and  Rev.  T.  Whitelaw,  M.A.    Seventh  Edition.    One  vol.  price  15^. 

Exodus.  By  the  Rev.  George  Rawlinson.  With  Homilies  by 
Rev.  J.  Orr,  Rev.  D.  Young,  Rev.  C.  A.  Goodhart,  Rev.  J.  Urquhart, 
and  Rev.  H.  T.  Robjohns.    Third  Edition.    Two  vols,  price  l&r. 

Leviticus.  By  the  Rev.  Prebendary  Meyrick,  M.A.  With  Intro- 
ductions by  Rev.  R.  Collins,  Rev.  Professor  A.  Cave,  and  Homilies  by 
Rev.  Prof.  Redford,  LL.B.,  Rev.  J.  A,  Macdonald,  Rev.  W.  Clarkson, 
Rev.  S.  R.  Aldridge,  LL.B.,  and  Rev.  McChevnb  Edgar.  Fourth 
Edition.     Price  15^. 

Numbers.  By  the  Rev  R.  Winterbotham,  LL.B.  With  Homilies  by 
the  Rev.  Professor  W.  Binnie,  D.D.,  Rev.  E.  S.  Prout,  M.A.,  Rev.  D. 
Young,  Rev.  J.  Waite  ;  and  an  Introduction  by  the  Rev.  Thomas  White- 
law,  M.A.     Fourth  Edition.     Price  15J. 

Deuteronomy.  By  Rev.  W.  L.  Alexander,  D.D.  With  Homilies 
by  Rev.  D.  Davies,  M.A.,  Rev.  C.  Clemance,  D.D.,  Rev.  J.  Orr,  B.D., 
and  Rev.  R.  M.  Edgar,  M.A.     Third  Edition.     Price  15^. 

Joshua.  By  Rev.  J.  J.  Lias,  M.A.  With  Homilies  by  Rev.  S.  R. 
Aldridge,  LL.B.,  Rev.  R.  Glover,  Rev.  E.  De  PressensA,  D.D., 
Rev.  J.  Waite,  B.A.,  Rev.  F.  W.  Adenev,  M.A.;  and  an  Introduction  by 
the  Rev.  A.  Plummer,  M.A.    Fifth  Edition.    Price  12s.  6d. 

Judges  and  Ruth.  By  the  Bishop  of  Bath  and  Wells  and  Rev.  J. 
Morrison,  D.D.  With  Homilies  by  Rev.  A.  F.  MuiR,  M.A.,  Rev.  W.  F. 
Adeney,  M.A.,  Rev.  W.  M.  Statham,  and  Rev.  Professor  J.  Thomson, 
M.A.    Fourth  Edition.     Price  los.  6d. 

I  Samuel.  By  the  Very  Rev.  R.  P.  Smith,  D.D.  With  Homilies 
by  Rev.  Donald  Eraser,  D.D.,  Rev.  Prof.  Chapman,  and  Rev.  B.  Dale. 
Sixth  Edition.    Price  15^. 

I  Kings.  By  the  Rev.  Joseph  Hammond,  LL.B.  With  Homilies 
by  the  Rev.  E  De  Pressens£,  D.D..  Rev.  J.  Waite,  B.A.,  Rev.  A. 
Romtland,  LL.B.,  Rev.  J.  A.  Macdonald,  and  Rev.  J.  Urquhart. 
Fourth  Edition.     Price  15;. 
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Pulpit  Commentary  (The).    Old  Testament  Series — continued. 

Ezra,  Nehemiah,  and  Esther.  By  Rev.  Canon  G.  Rawlinson, 
M.A.  With  HomUies  by  Rev.  Prof.  J.  R.  Thomson,  M.A.,  Rev.  Prof.  R.  A. 
Redford,  LL.B.,  M.A.,  Rev.  W.  S.  Lewis,  M.A.,  Rev.  J.  A.  Macdonald, 
Rev.  A.  Mackennal,  B.A.,  Rev.  W.  Clarkson,  B.A.,  Rev.  F.  Hastings, 
Rev.  W.  Dinwiddie,  LL.B.,  Rev.  Prof.  Rowlands,  B.A.,  Rev.  G.  Wood, 
B.A.,  Rev.  Prof.  P.  C.  Bafker,  LL.B.,  M.A.,  aud  Rev.  J.  S.  Exell.  Sixth 
Edition.    One  vol.  price  l:<^ ..  &/. 

Jeremiah.  By  the  Rev.  T.  K.  Cheyne,  M.A.  With  Homilies  by 
the  Rev.  F.  W.  Adeney,  M.A.,  Rev.  A.  F.  Muir,  M.A.,  Rev.  S.  Conway, 
B.  A.,  Rev.  J.  Waits,  B. A.,  and  Rev.  D.  Young,  B.  A.    Vol.1.     Price  iSr. 

Pulpit  Commentary  (The).  New  Testament  Series.  Edited  by  the 
Rev.  J.  S.  Exell  and  the  Rev.  Canon  H.  D.  M.  Spence. 

St.  Mark.  By  the  Very  Rev.  E.  Bickersteth,  D.D.,  Dean  of 
Lichfield.  With  Homilies  by  the  Rev.  Prof.  Thomson,  M.A.,  Rev.  Prof. 
Given,  M.A.,  Rev.  Prof.  Johnson,  M.A.,  Rev.  A.  Rowland,  LL.B.,  Rev. 
A.  Muir,  M.A.,  and  Rev.  R.  Green.    Third  Edition.     2  Vols.  2U. 

PUSSY  {Dr.) — Sermons  for  the  Church's  Seasons  from  Advent 
TO  Trinity.  Selected  from  the  published  Sermons  of  the  late  Edward 
BouvBRiB  PusEY,  D.D.     Grown  8vo.  cloth,  price  ^s. 

QUJLTER  {Harryy-lm.  Academy,  1872-1882. 

RADCLIFFE  {Frank  R.  K.)— The  New  Politicus.  Small  crown  8vo. 
Cloth,  price  %s,  6d. 

Realities  of  the  Future  Life.    Small  crown  8vo.  cloth,  price  is.  6d. 
RENDELL  {J.  M.) — Concise  Handbook  of  the  Island  of  Madeira. 

With  Plan  of  Funchal  and  Map  of  the  Island.     Fcp.  8vo.  cloth,  is.  fxi. 

REYNOLDS  {Rev.  J.  W^)— The  Supernatural  in  Nature.  A 
Verification  by  Free  Use  of  Science.  Third  Edition,  revised  and  enlarged. 
Demy  8vo.  cloth,  price  14J. 

The  Mystery  of  Miracles.  Third  and  Enlarged  Edition.  Crown 
Svo.  cloth,  price  6f. 

RIB OT {Prof.  Th.) — Heredity:  a  Psychological  Study  on  its  Phenomena, 
its  Laws,  its  Causes,  and  its  Consequences.    Large  crown  Svo.  price  9J. 

ROBERTSON  {The  late  Rev.  F.  W.)  Jlf. A. —Life  and  Letters  of. 
Edited  bytae  Rev.  Stopford  Brooke,  M.A. 

I.    Two  vols.,  uniform  with  the  Sermons.    With  Steel  Portrait.    Crown 

Svo.  price  p.  6d. 
n.     Library  Edition,  in  demy  Svo.  with  Portrait.     Price  12s. 
HI.    A  Popular  Edition,  in  I  vol.    Crown  Svo.  price  6s. 

Sermons.    Four  Series.    Small  crown  8vo.  price  3.;.  6(f.  each. 

The  Human  Race,  and  other  Sermons.  Preached  at  Cheltenham, 
Oxford,  and  Brighton.  New  and  Cheaper  Edition.  Crown  Svo.  cloth, 
price  y.  td. 

Notes  on  Genesis.  New  and  Cheaper  Edition.  Crown  Svo.  price 
is.  6if. 
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ROBERTSON— c.ovi\xas}Si^. 


Expository  Lectures  on  St.  Paul's  Epistles  to  the  Corinthians. 

A  New  Edition.     Small  crown  8vo  price  5^. 

Lectures  and  Addresses,  witi  other  LitOirary  Remains.    A  New 
Edition.    Crown  8vo.  price  5;. 

,     An  Analysis  of  Mr.  Tennyson's  *  In  Memoriam.'    (Dedicated  by 
Permission  to  the  Poet-Laureate.)    Fcp.  8vo.  price  2j. 

The  Education  of  the  Human  Race.   Translated  from  the  German 
of  Gotthold  Ephraim  Lessing.     Fcp.  8vo.  price  2s.  6d. 

The  above  Works  can  also  be  bad  bound  in  half-morocco. 
•»•  A  Portrait  of  the  late  Rev.  F.  W.  Robertson,  mounted  for  framing,  can 
be  had,  price  2s.  6d. 

Rosmini  Serbati  (Life  of).    By  G.  Stuart  MacWalter.    2  vols.    8vo. 

[Vol.  I.  now  ready,  price  lis. 

RosMiNi's  Origin  of  Ideas.  Translated  from  the  Fifth  Italian  Edition 
of  the  Nuovo  Saggio.    SuW  origine  delle  idee.    3  vols.    Demy  8vo.  cloth. 

[Vols.  I.  and  II.  now  ready,  price  i6r.  each. 

RosMiNi's  Philosophical  System.  Translated,  with  a  Sketch  of  the 
Author's  Life,  Bibliography,  Introduction,  and  Notes,  by  Thomas  Davidson. 
Demy  8vo.  cloth,  i6j. 

RULE  {Martin)  M.A. — ^The  Life  and  Times  of  St.  Anselm,  Arch- 
bishop OF  Canterbury  and  Primate  of  the  Britains.  2  vols.  Demy 
8vo.  cloth,  32J. 

S ALVA  TOR  {Archduke  Ludwig) — Levkosia,  the  Capital  of  Cyprus. 
Crown  4to.  cloth,  price  loi.  6d. 

SAMUEL  {Sydney  M.) — ^Jewish  Life  in  the  East.  Small  crown  8vo. 
cloth,  price  3/.  6d. 

SAYCE  {Rev.  Archibald  .fllwiry)— Introduction  to  the  Science  of 
Language,    a  vols.    Second  Edition.    Large  post  8vo.  cloth,  price  25;. 

Scientific  Layman.  The  New  Truth  and  the  Old  Faith  :  are  they 
IncoRipatible  ?    Demy  8vo.  cloth,  price  lor.  6d. 

SCOONES  { W.  Baptiste)-  ^our  Centuries  of  English  Letters  : 
A  Selection  of  350  Letters  by  150  Writers,  froM  the  Period  of  the  Fasten 
Letters  to  the  Present  Time.  Third  Edition.  Largi^  crown  8vo.  cloth,  price  ds. 

SHILLITO  {Rev.  Joseph) — ^Womanhood  :  its  Duties,  Temptations,  and 
Privileges.  ABookfurYour^Wcmen.  Third  Edition.  Crown  8 vo.  price  3/.  6(/. 

SHIPLEY  {Rev.  Orby)  M.A. — Principles  of  the  Faith  in  Relation 
TO  Sin.  Topics  for  Thought  in  Times  of  Retreat.  Eleven  Addresses 
delivered  during  a  Retreat  of  Three  Days  to  Persons  living  in  the  World. 
Demy  8vo.  cloth,  price  I2r. 

Sister  Augustine,  Superior  of  the  Sisters  of  Charity  at  the  St.  Johannis 
Hospital  at  Bonn.  Authorised  Translation  by  Hans  Tharau,  from  the 
German  'Memorials  of  Amalie  von  Lasaulx.'  Cheap  Edition.  Large 
crown  8vo.  cloth,  price  4^.  6</. 

SMITH  {Edward)  M.D.,  LL.B.,  J'l/f.i'.— Tubercular  Consumption 
IN  ITS  Early  and  Remediable  Stages.     Second  Edition.     Crown  8vo. 
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SPEDDJNG  {fames)— Reviews  and  Discussions,  Literary,  Political, 
AND  Historical  not  relating  to  Bacon.    Demy  8vo.  cloth,  price  izr.  6<f. 

Evenings  with  a  Reviewer;  or.  Bacon  and  Macaulay.     With  a 
Prefatory  Notice  by  G.  S.  Venables,  Q.C.  2  vols.  Demy  8vo.  cloth,  price  i8x. 

STAFFER  (Faul) — Shakspeare  and  Classical  Antiquity  :  Greek  and 
Latin  Antiquity  as  presented  in  Shakspeare's  Plays.  Translated  by  Emily  J. 
Carey.     Large  post  8va  cloth,  price  izr. 

STEVENSON  {Rev.  W.  Z'!)— Hymns  for  the  Church  and  Home. 

Selected  and  Edited  by  the  Rev.  W.  Fleming  Stevenson. 
The  most  complete  Hymn  Book  published. 

The    Hymn  Book  consists  of  Three  Parts : — I.  For  Public  Worship. — 
IL  For  Family  and  Private  Worship. — IH.  For  Children. 
%*  Published  in  various  forms  and  prices,  the  latter  ranging  from  &/.  to  6s. 
Lists  and  full  particulars  will  be  furnished  on  application  to  the  Publishers. 

STE  VENSON {Robert  Louis) — ^Virginibus  Puerisque,  and  other  Papers. 
Crown  8vo.  cloth,  price  6s. 

Stray  Papers  on  Education  and  Scenes  from  School  Life.    By  B.  H. 

Small  crown  8vo.  cloth,  price  y.  6d. 

STRECKER-  WIS  LICE NUS—Ovi.c.^mc  Chemistry.  Translated  and 
Edited,  with  Extensive  Additions,  by  W.  K.  Hodgkinson,  Ph.D.,  and  A.  J. 
Grbenaway,  F.I.C.    Demy  8vo.  cloth,  price  2U. 

SULLY  {James)  M.A. — Pessimism  :  a  History  and  a  Criticism.  Second 
Emtion.     Demy  8vo.  price  I4r. 

SWEDENBORG  {Eman.)—DE  Cultu  et  Amore  Dei,  ubi  Agitur  de 
Tblluris  ortu,  Paradiso  et  Vivario,  tum  de  Primogeniti  seu  Adami 
Nativitate,  Infantia,  et  Amore.     Crown  8vo.  cloth,  price  6s. 

5KJt.'^    {David) — Representative   Government    in    England  :   its 

Faults  and  Failures.     Second  Edition.     Large  crown  8vo.  cloth,  6s. 

TAYLOR  (Rev.  Isaac)— This.  Alphabet.  An  Account  of  the  Origin 
and  Levelopment  of  Letters.  With  numerous  Tables  and  Facsimiles,  a  vols. 
Demy  8vo.  cloth,  price  36^. 

Thiri*y  Thousand  Thoughts.  Edited  by  the  Rev.  Canon  Spence, 
Rev.  J.  S.  ExELL,  Rev.  Charles  Neil,  and  Rev.  Jacob  Stephenson. 
6  vols.    Super-royal  8vo.  cloth.  [Vol.  I.  now  ready,  price  i6s. 

THOM  {John  Hamilton)— V.kws  of  Life  after  the  Mind  of  Christ. 

Second  Edition.     Crown  8vo.  cloth,  price  7x.  6J. 

THOMSON  {/.  Tumiu//)— Social  Problems  ;  or,  an  Inquiry  into 
THE  Laws  of  Influence.    With  Diagrams.    Demy  8vo.  cloth,  price  lor.  6d. 

TIDMAN{Paul  F.)—Go\.n  and  Silver  Money.  Part  L— A  Plain 
Statement.  Part  I L— Objections  Answered.  Third  Edition.  Crown  Svo. 
doth,  IX. 

TIPPLE  (Rev.  S.  .(4.)— Sunday  Mornings  at  Norwood.  Prayers 
and  Sermons.    Crown  Svo.  cloth,  6s. 

TODHUNTER  {Dr.  /)— A  Study  ok  Shelley.  Crown  Svo.  cloth, 
price  is. 

TREMENHEERE  {H.  Seymour)  C.B.—\  Manual  of  the  Prin- 
ciples of  Government  as  set  forth  by  the  Authorities  of  Ancient 
and  Modern  Times.    New  and  enlarged  Edition.    Crown  Svo.  doth,  5/. 
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TUKE  {Daniel  Hack)  M.D. — Chapters  in  the  History  of  the  In- 
sane IN  THE  British  Isles.  With  Four  Illustrations.  Large  crown  8vo. 
cloth,  izr. 

TWINING  (Z<w/Va)— Workhouse  Visiting  and  Management  during 
Twenty-five  Years.     Small  crown  8vo.  cloth,  price  31.  fkL. 

TYLER  (/)— The  Mystery  of  Being;  or,  What  Do  We  Know? 
Small  crown  8vo.  cloth,  price  y.  6d. 

UPTON  {Major  H.  D.) — Gleanings  from  the  Desert  of  Arabia. 
Large  post  8vo.  cloth,  price  lOr.  &/. 

VAUGHAN  {H.  Halford) — New  Readings  and  Renderings  of 
Shakespeare's  Tragedi  es.    2  vols.    Demy  8vo.  cloth,  price  25X. 

VIATOR  {Vacuus) — Flying  South.  Recollections  of  France  and  its 
Littoral.    Small  crown  8vo.  cloth,  price  y,  6d. 

VILLARI  {Professor) — Niccol6  Machiavelli  and  his  Times.  Trans- 
lated oy  Linda  Villari.    4  vols.    Large  crown  8vo.  price  48;. 

VILLIERS  {The  Right  Hon.  C.  ^.)— Free  Trade  Speeches  of.  With 
Political  Memoir.  Edited  by  a  Member  of  the  Cobden  Club.  2  vols.  With 
Portrait.     Demy  8vo.  cloth,  price  25^. 

VOGT {Lieut.-Col  Hermann)— Hhv.  Egyptian  War  of  1882.  A  Trans- 
lation.   With  Map  and  Plans.     Large  crown  8vo.  cloth,  price  6r. 

VOLCKXSOM  {E.  IV.  V.) — Catechism  of  Elementary  Moderw 
Chemistry.    Small  crown  8vo.  cloth,  y. 

VYNER  {Lady  Mary)—'E.wii.KY  Day  a  Portion.  Adapted  from  the 
Bible  and  the  Prayer  Book,  for  the  Private  Devotions  of  those  living  in  Widow- 
hood.  Collected  and  Edited  by  Lady  Mary  Vyner.  Square  crown  8vo. 
extra,  price  51. 

WALDSTEIN  {Charles)  Ph.D.— The  Balance  of  Emotion  and 
Intellect  ;  an  Introductory  Essay  to  the  Study  of  Philosophy.  Crown  8vo. 
cloth,  price  6s. 

WALLER  {Rev.  C.  B.) — The  Apocalypse,  reviewed  under  the  Light  of 
the  Doctrine  of  the  Unfolding  Ages,  and  the  Restitution  of  All  Things.  Demy 
8vo.  price  12s. 

WALPOLE  {Chas.  George) — History  of  Ireland  from  the  Earliest 
Times  to  the  Union  with  Great  Britain.  With  5  Maps  and  Appen* 
dices.     Crown  8vo.  clcth,  ioj.  ftd. 

WALSHE  { Walter  HayiJ)  J/.Z?.— Dramatic  Singing  Physiologically 
Estimated.    Crown  sva  cloth,  price  y.  6J. 

WEDMORE  {Frederick)— T WE,  Masters  of  Genre  Painting.  With 
Sixteen  Illustrations.    Crown  8vo.  cloth,  price  ^s.  6J. 

WHEWELL  {William)  D.D. — His  Life  and  Selections  from  his 
Correspondence.  By  Mrs.  Stair  Douulas.  With  a  Portrait  from  a 
Painting  by  Samuel  Laurence.    Demy  8vo.  cloth,  price  2ij. 

WHITNE  Y{Prof.  William  Dwight) — Essentials  of  Enolish  Grammar, 
for  the  Use  of  Schools.    Crown  8vo.  price  3/.  &/. 
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WILLIAMS  {Rowlattd)  D.D. — Psalms,  Litanies,  Counsels,  and 
Collects  for  Devout  Persons.  Edited  by  his  Widow.  New  and  Popular 
Edition.     Crown  8vo.  price  3;.  dd. 

Stray  Thoughts  Collected   from  the  Writings  of  the  late 
Rowland  Williams,  D.D.     Edited  by  his  Widow.     Crown  8vo.  cloth,  price 

WILLIS  {R^  M.D, — William  Harvey.  A  History  of  the  Discovery 
of  the  Circulation  of  the  Blood :  with  a  Portrait  of  Harvey  after  Faithorne. 
Demy  8vo.  cloth,  price  14J. 

WILSON  {Sir  Erasmus) — Egypt  of  the  Past.  With  Chrorao-lithograph 
and  numerous  Illustrations  in  the  text.  Second  Edition,  Revised.  Cro^im 
8vo.  cloth,  price  izr. 

The  Recent  Archaic  Discovery  of  Ancient  Egyptian  Mummies 
at  Thebes.     A  Lecture.     Crown  8vo.  cloth,  price  ix.  6</. 

WILSON  {Lieut.-Col.  C.  7".)— The  Duke  of  Berwick,  Marshal  of 
France,  1702-1734.     Demy  8vo.  cloth,  price  15;. 

WOLTMANN  {Dr.  Alfred),  and  WOERMANN  {Dr.  Karl)— 
History  of  Painting.  Edited  by  Sidney  Colvin.  Vol.  I.  Painting  in 
Antiquity  and  the  Middle  Ages.  With  numerous  Illustrations.  Medium  8vo. 
cloth,  price  2%s, ;  bevelled  Iwards,  gilt  leaves,  price  Jfa, 

Word  was  Made  Flesh.  Short  Family  Readings  on  the  Epistles  for 
each  Sunday  of  the  Christian  Year.     Demy  8vo.  cloth,  price  lor.  Ci. 

WREN  {Sir  Christopher)— 1^\%  Family  and  his  Times.  With  Original 
Letters,  and  a  Discourse  on  Architecture  hitherto  unpublished.  By  Lucy 
Phillimore.     Demy  8vo.     With  Portrait.     Price  141. 

YOUMANS  {Eliza  A) — First  Book  of  Botany.  Designed  to  cultivate 
the  Observing  Powers  of  Children.  With  300  Engravings.  New  and  Cheaper 
Edition.     Crown  8vo.  price  2J.  &/. 

YOUMANS  {Edward  L^  M.D. — A  Class  Book  of  Chemistry,  on  the 
Basis  of  the  New  System.     With  200  Illustrations.     Crown  8vo.  price  5;. 
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THE   INTERNATIONAL   SCIENTIFIC 

SERIES. 


igir 
Lu 


I.  Forms  of  Water  :  a  Familiar  Expo- 

sition of  the  Origin  and  Phenomena  of 
Glaciers.  By  J.  Tyndall,  LL.D., 
F.R.S.  With  25  Illustrations. 
Eighth  Edition.  Crown  8vo. 
price  5f. 

II.  Physics  and  Politics  ;  or,  Thoughts 
on  the  Application  of  the  Principles 
of  'Natural  Selection'' and  'Inheri- 
tance' to  Political  Society.  By  Walter 
Bagehot.  Sixth  Edition.  Crown 
8vo.  price  4r. 

III.  Foods.  By  Edward  Smith,  M.D., 
LL.  B. ,  F.  R.  S.  With  numerous  Illus- 
trations, iiighth  Edition.  Crown  8vo. 
price  5j. 

IV.  Mind  and  Body  :  the  Theories  of 
their  Relation.  By  Alexander  Bain, 
LL.D.  With  Four  Illustrations. 
Seventh  Edition.  Crown  8vo.  price  4;. 

V.  The  Study  of  Sociology.    By  Her- 

bert Spencer.  Eleventh  Edition. 
Crown  ovo.  price  5f. 

VI.  On  the  Conservation  of  Energy. 
By  Balfour  Stewart,  M.A,,  LL.D., 
F.R.S.  With  14  Illustrations.  Sixth 
Edition.     Crown  8vo.  price  5;. 

VII.  Animal  Locomotion  ;  or,  Walking, 
Swimming,  and  Flying.  By  J.  B. 
Pettigrew,  M.D.,  F.R.S.,  &c.  With 
130  Illustrations.  Third  Edition. 
Crown  8vo.  price  5/. 

VIII.  Responsibility  in  Mental 
Disease.  By  Henry  Maudsley,  M.D. 
Fourth  Edition.   Crown  8vo.  price  5^. 

IX.  The  New  Chemistry.  By  Professor 
J.  P.  Cooke.  With  31  Illustrations. 
Seventh  Edition.  Crown  8vo.  price  $s. 

X.  The  Science  of  Law.   By  Professor 

Sheldon  Amos.  Fifth  Edition.  Crown 
8vo.  price  5J. 

XI.  Animal  Mechanism  :  a  Treatise  on 
Terrestrial  and  Aerial  Locomotion. 
By  Professor  £.  J.  Marey.  With  117 
IMustrations.  Third  Edition.  Crown 
8vo.  price  5j. 

Xn.  The  Doctrine  or  Descent  and 
Darwinism.  By  Professor  Oscar 
Schmidt  With  a6  Illustrations.  Fifth 
Edition.  Crown  8vo.  price  5f. 


XIII.  The  History  of  the  Conflict 
between  Religion  and  Science. 
By  J.  W.  Draper,  M.D.,  LL.D. 
Seventeenth  Edition.  Crown  8vo. 
price  $s. 

XrV.  Fungi:  their  Nature,  Influences, 
Uses,  &c.  By  M.  C.  Cooke,  M.D., 
LL.D.  Edited  by  the  Rev.  M.  J. 
Berkeley,  M.A.,  F.L.S.  With  nu- 
merous Illustrations.  Third  Edition. 
Crown  8vo.  price  5j. 

XV.  The  Chemical  Effects  of  Light 
and  Photography.  By  Dr.  Her- 
mann Vogel.  Translation  thoroughly 
revised.  With  100  Illustrations.  Fourth 
Edition.     Crown  8vo.  price  5f. 

XVI.  The  Life  and  Growth  of  Lan- 
guage. By  Professor  William  Dwight 
Whitney.  Fourth  Edition.  Crown 
8vo.  price  5;. 

XVII.  Money  and  the  Mechanism  of 
Exchange.  By  W.  Stanley  Jevons, 
M.A.,  F.R.S.  Sixth  Edition.  Crown 
8vo.  price  $s. 

XVIII.  The  Nature  ok  Light.  With 
a  General  Account  of  Physical  Optics. 
By  Dr.  Eugene  Lommel.  With  188 
Illustrations  and  a  Table  of  Spectra 
in  Chromo-lithography.  Third  Edit. 
Crown  8vo.  price  5;. 

XIX.  Animal  Parasites  and  Mess- 
mates. By  Monsieur  Van  fieneden. 
With  83  Illustrations.  Third  Edition. 
Crown  8vo.  price  51. 

XX.  Fermentation.  By  Professor 
SchiHzenberger.  With  28  Illustrations. 
Third  Edition.   Crown  8vo.  price  5;. 

XXI.  The  Five  Senses  of  Man.  By 
Professor  Bernstein.  With  91  Illus- 
trations. Fourth  Edition.  Crown  8vo. 
price  $s. 

XXII.  The  Theory  of  Sound  in  its 
Relation  to  Music.  By  Professor 
Pietro  Blasema.  With  numerous  Illus- 
tntioni.  Third  Edition.  Crown  8vo. 
price  y. 

XXIIL  Studies  in  Spectrum  Analy* 
sis.  By  T.  Norman  Lockyer,  F.  R.  S. 
With  six  Photographic  Illustrations  of 
Spectra,  and  numerous  Engravings  on 
Wood.  Crown  8vo.  Third  Edition. 
Price  tt,  6d. 
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XXIV.  A  History  of  the  Growth  of 
THE  Steam  Engine.  By  Professor 
R.  H.  Thurston.  With  numerous 
Illustrations.  Third  Edition.  Crown 
8vo.  doth,  price  dr.  6</. 

XXV.  Education  as  a  Science.  By 
Alexander  Bain,  LL.D.  Fourth 
Edition.     Crown  8vo.  doth,  price  5j. 

XXVI.  The  Human  Species.  By  Prof. 
A.  De  Quatrefages.  Third  Edition. 
Crown  8vo.  cloth,  price  5j. 

XXVII.  Modern  Chromatics.  With 
Applications  to  Art  and  Industry.  By 
Ogden  N.  Rood.  With  130  original 
lUostrations.  Second  Edition.  Crown 
8to.  cloth,  price  5^. 

XXVIII.  The  Crayfish:  an  Introduc- 
tion to  the  Study  of  Zoology.  By 
Professor  T.  H.  Huxley.  With  83 
Illustrations.  Third  Edition.  Crown 
8va  cloth,  price  5;. 

XXIX.  The  Brain  as  an  Organ  of 
Mind.  By  H.  Charlton  Bastian, 
M.D.  With  numerous  Illustrations. 
Third  Edition.  Crown  8vo.  doth, 
price  5j. 

XXX.  The  Atomic  Theory.  By  Prof. 
Wurt*.  Translated  by  G.  Clemin- 
shaw,  F.C.S.  Third  Edition.  Crown 
8vo.  cloth,  price  5x. 

XXXI.  The  Natural  Conditions  of 
Existence  as  they  affect  Animal 
Life.  By  Kari  Semper.  With  2  Maps 
and  106  Woodcuts.  Third  Edition. 
Crown  8vo.  doth,  price  5^. 

XXXII.  General  Physiology  of 
Muscles  and  Nerves.  By  Prof.  J. 
Rosenthal.  Third  Edition.  With 
Illustrations.  Crown  8vo.  cloth, 
price  %s. 

XXXIII.  Sight  :  an  Exposition  of  the 
Principles  of  Monocular  and  Binocular 
Vision.  By  Joseph  LeConte,  LL.D. 
Second  Edition.  With  13a  Illustra- 
tions.   Crown  8va  cloth,  price  51. 

XXXIV.  Illusions  :  a  Psychological 
Stud^.  By  James  Sully.  Second 
Edition.    Crown  8vo.  cloth,  price  5f. 

XXXV.  Volcanoes  :  what  they  are 

and  what  they  TEACif.  By 
Professor  J.  W.  Judd,  F.RS.  With 
93  Illustrations  on  Wood.  Second 
Edition.    Crown  8vo.  cloth,  price  5;. 


XXXVI.  Suicide:  an  Essay  in  Com- 
parative Moral  Statistics.  By  Prof. 
£.  Morselli.  Second  Edition.  With 
Diagrams.     Crown  8vo.  cloth,  price 

XXXVII.  The  Brain  and  its  Func- 
tions. By  J.  Luys.  Second  Edition. 
With  Illustrations.  Crown  8vo.  cloth, 
price  Sj. 

XXXVIII.  Myth  and  Science  :  an 
Essay.  By  Tito  Vignoli.  Crown 
8vo.  cloth,  price  5;. 

XXXIX.  The  Sun.  By  Professor  Young. 
With  Illustrations.  Second  Edition. 
Crown  Svo.  cloth,  price  5^. 

XL.  Ants,  Bees,  and  Wasps  :  a  Record 
of  Observations  on  the  Habits  of  the 
Social  Hymenoptera.  By  Sir  John 
Lubbock,  Bart. ,  M.  P.  With  5  Chromo- 
lithographic  Illustrations.  Sixth  Edit. 
Crown  ovo.  cloth,  price  5;. 

XLI.  Animal  Intelligence.  By  G.  J. 
Romanes,  LL.D.,  F.R.S.  Third 
Edition.     Crown  Svo.  cloth,  price  5^. 

XLII.  The  Concepts  and  Theories  of 
Modern  Physics.  By  J.  B.  Stallo. 
Second  Edition.  Crown  8vo.  cloth, 
price  5j. 

XLIII.  Diseases  op  Memory:  an  Essay 
in  the  Tositive  Pyschology.  By  Prof. 
Th.  Ribot.  Second  Edition.  Crown 
8vo.  is. 

XLIV.  Man  before  Metals.  By  N. 
Joly.  Third  Edition.  Crown  8vo. 
cloth,  price  5j. 

XLV.  The  Science  of  Politics.  By 
Prof.  Sheldon  Amos.  Second  Edit. 
Crown.  Svo.  doth,  price  5^. 

XLVI.  Elementary  Meteorology. 
By  Robert  H.  Scott.  Second  Edition. 
With  numerous  Illustrations.  Crown 
8vo.  cloth,  price  5x. 

XLVII.  The  Organs  of  Speech  and 
their  Application  in  the  For- 
mation of  Articulate  Sounds. 
By  Georg  Hermann  von  Meyer. 
With  47  Woodcuts.  Crown  8vo.  cloth, 
price  5x. 

XLVIII.  Fallacies:  a  View  of  Logic 
from  the  Practical  Side.  By  Alfred 
Sidgwick.     Crown  Svo.  cloth. 


Kegan  Paul,  Trench,  &  CoJs  Publicaiions.        25 


MILITARY    ^VORKS. 


BARRINGTON{Capt.  J.  T".)— England 
ON  THE  Defensive  ;  or,  the  Problem 
of  Invasion  Critically  Examined. 
Large  crown  8vo.  with  Map,  cloth, 
price  ^s,  6d. 

BRACKENBURY  (Col.  C.  B.)  R.A., 
CA— Military  Handbooks  for 
Regimental  Officers: 

I.  Military  Sketching  and  Re- 
connaissance. By  Colonel  F.  J. 
Hutchison  and  Major  H.  G.  Mac- 
Gregor.  Fourth  Edition.  With  15 
Plates.     Small  8vo.  cloth,  price  6s. 

II.  The  Elements  of  Modern 
Tactics  Practically  applied  to 
English  Formations.  By  Lieut.  • 
Col.  Wilkinson  Shaw.  Fourth  E^it. 
With  25  Plates  and  Maps.  Small 
crown  8vo.  cloth,  price  gs. 

III.  Field  Artillery  :  its  Equip- 
ment, Organisation,  and  Tactics.  By 
Major  Sisson  C.  Pratt,  R.A.  With 
12  Plates.  Second  Edition.  Small 
crown  Svo.  cloth,  price  6;. 

IV.  The  Elements  of  Military 
Administration.  First  Part;  Per- 
manent System  of  Administration. 
By  Major  J.  W.  Buxton.  Small 
crown  Svo.  cloth,  price  7;.  6d. 

V.  Military  Law  :  its  Procedure  and 
Practice.  Bv  Major  Sisson  C.  Pratt, 
R.A.     Small  crown  Svo. 

BROOKE  {Major  C.  AT.)— A  System  of 
Field  Training.  SmaU  crown  Svo. 
cloth  limp,  price  2s, 

CLERY  (C.)  Lieut. -CoL—UimK  Tac- 
tics. With  <  Maps  and  Plans. 
Sixth  and  cheaper  Edition,  revised. 
Crown  Svo.  cloth,  price  9;. 


COLVILLE  (Lieut.-Col.  C.  /?.)— Mill 
TARY  Tribunals.  Sewed,  price 
2S.  6d. 

HARRISON  (lMut.-Col.  R.)  —  The 
Officer's  Memorandum  Book  for 
PEACfi  and  War.  Third  Edition. 
Oblong  32mo.  roan,  with  pencil,  price 
y.  61/. 

Notes  on  Cavalry  Tactics,  Organi- 
sation, &c.  By  a  Cavalry  Officer. 
With  Diagrams.  Demy  Svo.  cloth, 
price  l2s. 

PARR{Capt.  If.  Ha/lam)  C.Af.G.— The 
Dress,  Horses,  and  Equipment  of 
Infantry  and  Staff  Officers. 
Crown  Svo.  cloth,  price  is. 

SCIIAW(Cot.H.)—TwB.  Defence  and 
Attack  of  Positions  and  Locali- 
TiF^.  Second  Edition,  revised  and 
corrected.  Crown  Svo.  cloth,  price 
Zs.  6d. 

SHADWELL  (Maj.-Gen.)  C. A— Moun- 
tain Warfare.  Illustrated  by  the 
Campaign  of  1799  in  Switzerland. 
Being  a  Translation  of  the  Swiss 
Narrative  compiled  from  the  Works  of 
the  Archduke  Charies,  Jomini,  and 
others.  Also  of  Notes  by  General 
H.  Dufour  on  the  Campaign  of  the 
Valtelline  in  1635.  With  Appendix, 
Maps,  and  Introductory  Remarks. 
Demy  Svo.  price  16;. 

STUBBS  (Lieut-Col.  F.  fT.)— The 
Regiment  of  Bengal  Artillery  : 
the  Hbtoiy  of  its  Organisation,  Equip- 
ment, and  War  Services.  Compiled 
from  Published  Works,  Official  Re- 
cords, and  various  Private  Sources. 
With  numerous  Maps  and  Illustrations, 
a  vols.    Demy  Svo.  price  32;. 


POETRY. 


ADAM  OF  ST.  VICTOR— The  Litur- 
gical Poetry  of  Adam  of  St. 
Victor.  From  the  text  of  Gautier. 
With  Translations  into  English  in  the 
Original  Metres,  and  Short  Explana- 
tory Notes.  By  Digby  S.  Wrangham, 
M.A.  3  vols.  Crown  Svo.  printed  on 
hand-made  paper,  boards,  price  ais. 


AUCHMUTY(A.  C.)— Poems  of  Eng- 
lish Heroism  :  From  Brunanburgh 
to  Lucknow }  from  Athelstan  to  Albert. 
Small  crown  Svo.  cloth,  price  \s.  M, 

A  VIA  —The  Odyssey  of  Homer.  Done 
into  English  Vene  by.  Fcp.  4to. 
cloth,  price  15X. 
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BANKS  {Mrs.  G.  Z.)— Ripples  and 
Breakers  :  Poems.  Square  8vo. 
doth,  price  5x. 

BARNES  {Wi/liam)—Tozvis  of  Rural 
Life,  in  the  Dorset  Dialect. 
New  Edition,  complete  in  one  vol. 
Crown  8vo.  cloth,*  price  &r.  6d. 

BAYNES  (Rev.  Canon  II.  A'.)— Home 

Songs  for  Quiet  Hours.    Fourth 

and    cheaper    Edition.      Fcp.    8vo. 

cloth,  price  2s.  6d. 

%*  This  may  also  be  had  handsomely 

bound  in  morocco  with  gilt  edges. 

BENNETT  (C.  /:)— Life  Thoughts. 
A  New  Volume  of  Poems.  With 
Frontispiece.  Small  crown  8vo. 
cloth. 

BEVINGTON  (£.  i".)— Key  Notes. 
Small  crown  8vo.  cloth,  price  5; . 

BILLSON  (C.  7.)— The  Acharnians 
of  Aristophanes.  Crown  8vo.  cloth, 
price  3f.  6d. 

BOWEN  (H.  C.)  Jlf.A.—SmvLt:  Eng- 
lish Poems.  English  Literature  for 
Junior  Classes.  In  Four  Farts.  Parts 
I.  IL  and  IH.  price  6d.  each, 
and  Part  IV.  price  ix. 

BRYANT  (W.  C.)  — Poems.  Red-line 
Edition.  With  24  Illustrations  and 
Portrait  of  the  Author.  Crown  8vo. 
cloth  extra,  price  ^s.  6d. 

A  Cheap   Edition,    with   Frontis- 
piece.   Small  crown  8vo.  price  3/.  6J. 

BYRNNE  {E.  Fair/ax)— Miucznr  :  a 
Poem.  Small  crown  8vo.  cloth, 
price  6r. 

Calderon's  Dramas  :  the  Wonder- 
working Magician — Life  is  a  Dream 
— thePurgatoryof  St.  Patrick.  Trans- 
lated by  Denis  Florence  MacCarthy. 
Post  8vo.  price  lar. 

Castilian  Brothers  ( 7%^)— Chateau- 

BRIANT,  WaLDEMAR,  THRKB  TRAGE- 
DIES, AND  The  Rose  of  Sicily.  A 
Drama.  By  the  Author  of  *  Ginevra,' 
&c    Crown  8to.  cloth,  price  6s. 

Chronicles  of  Christopher  Colum- 
bus :  a  Poem  in  Twelve  Cantos.  By 
M.  D.  C.  Crown  8vo.  doth,  price 
Js.  6d. 


CLARKE  (Maty  Coa/Aw)— HONEY  from 
the  Weed.  Verses.  Crown  8vo. 
cloth,  7/. 

COLOMB  (Coloml)— The  Cardinal 
Archbishop:  a  Spanish  Legend. 
In  29  Cancions.  Small  crown  8vo. 
cloth,  price  5x. 

CONWAY  (Hugh)— A  Life's  Idylls. 
Small  crown  8vo.  cloth,  price  3j.  6d. 

CORPSE  (/rawfw)— L'ExiLfiE.  Done 
into  English  Verse,  with  the  sanction 
of  the  Author,  by  I.  O.  L.  Crown 
8vo.  vellum,  price  5;. 

COXHEAD  (£■//«/)— Birds  and  Babies. 
Imp.  l6mo.  With  33  Illustrations. 
Cloth  gilt,  2s.  6J. 

David  Rizzio,  Bothwell,  and  the 
Witch  Lady.  Three  Tragedies.  By 
the  Author  of '  Ginevra,'  &c.  Crown 
8vo.  cloth,  dr. 

DA  VIE  (G.  S.)  iW.Z>.— The  Garden  of 
Fragrance.  Being  a  complete 
Translation  of  the  B6stan  of  Sadi, 
from  the  original  Persian  into  English 
Verse.     Crown  8vo.  cloth,  7j.  &/. 

/?/ir/£'5(7'.^ar/)— Catullus.  Trans- 
lated into  English  Verse.  Crown  8vo. 
cloth,  price  6s. 

DE  VERE  (/*«Ar<fy)— The  Foray  of 
Queen  Meave,  and  other  Legends  of 
Ireland's  Heroic  Age.  Small  crown 
8vo.  cloth,  5j. 

Legends  of    the    Saxon    Saints. 
Small  crown  8vo.  cloth,  price  dr. 

DILLON  (Atthur) — River  Songs  and 
other  Poems.  With  13  Autotype 
Illustrations  from  designs  by  Margery 
May.  Fcp.  4to.  cloth  extra,  gilt 
leaves,  xos.  6d. 

DOBELL  (Mrs.  /Torar*)— Ethelstone, 
Eveline,  and  other  Poems.  Crown 
8vo.  cloth,  6s. 

DOBSON(Ausfiu)~Otv\WoKVDlDYLls, 
and  other  Poems.  i8mo.  doth,  extra 
gilt. 

DOMET  (Alfred)— VUMOLW  and  Am- 
ohia  :  a  Dream  of  Two  Lives.  New 
Edition  revised,  a  vols.  Crown  8vo. 
doth,  price  tax. 
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POROTHY :   a  Country  Story  in  Elegiac 
Veise.    With    Preface.    Demy  8vo. 
'  cloth,  price  $s. 

DOWDEN  (Edward)  ZZ.Z>.— Shak- 
spere's  Sonnets.  With  Introduc- 
tion. Large  post  8vo.  cloth,  price 
^s.  6d. 

DOWNTON  {JRev.  H.)  il/.^.— Hymns 
AND  Verses.  Original  and  Trans- 
lated. Small  crown  8vo.  cloth,  price 
3*.  6</. 

DUTT  {Toru)—A  Sheaf  Gleaned  in 
French  Fields.  New  Edition. 
Demy  8vo.  cloth,  lar.  6d. 

EDMONDS  (E.  W.)  —  Hesperas. 
Rhythm  and  Rhyme.  Crown  8vo. 
cloth,  price  41. 

ELDRYTH  (i»/a»/rf)— Margaret,  and 
other  Poems.  Small  crown  8vo.  cloth, 
price  31.  &/. 

ELLIOT  (Lady  CAariotte)—MKDVSA,  and 
other  Poems.  Crown  8vo.  cloth,  price 
6s. 

ELLIOTT  (Eienezef),  The  Com  Law 
Rhymer — Poems.  Edited  by  his  Son, 
the  Rev.  Edwin  Elliott,  of  St.  John's, 
Antigua.    2  vols,  crown  8vo.  price  \%s, 

English  Odes.  Selected,  with  a  Critical 
Introduction  by  Edmund  W.  Gosse, 
and  a  miniature  Frontispiece  by 
Hamo  Thomycroft,  A.R.A.  Elzevir 
8vo.  limp  parchment  antique,  price 
6r. ;  vellum,  is.  ftd. 

EVANS  (^»))<^)— Poems  and  Music. 
With  Memorial  Preface  by  Ann 
Thackeray  Ritchie.  Large  crown 
8vo.  cloth,  price  7;. 

GOSSE  (Edmund  W.)— New  Poems. 
Crown  8vo.  doth,  price  7^.  6d,    < 

GRAHAM  (miliam)  — Two  Fancies, 
and  other  Poems.  Crown  8vo.  cloth, 
price  5>. 

GRIND  ROD  (Charles)  — PhKVS  from 
English  History.  Crown  8vo. 
cloth,  price  js.  6d. 

GURNEY(Rtv.  Alfird)— The  Vision  of 
THE  Eucharist,  and  other  Poems. 
Crown  8vo.  cloth,  price  y. 

HELLON(H.  (7.)— Daphnis:  a  Pastoral 
Poem.  Smdl  crown  8va  doth,  price 
3/.  &/. 


Herman  Waldgrave  :  a  Life's  Drama. 
By  the  Author  of  'Ginevra,'  &c. 
Crown  8vo.  doth,  fa. 

HICKEY  (E.  ff.)—A  Sculptor,  and 
other  Poems.  Small  crown  8vo.  cloth, 
price  5f. 

INGHAM  (Sarson  C.  7.)— CiEDMON's 
Vision,  and  other  Poems.  Small 
crown  8vo.  cloth,  $s. 

JENKINS  (Rev.  Canon)  —  Alfonso 
Petrucci,  Cardinal  and  Conspirator : 
an  Historical  Tragedy  in  Five  Acts. 
Small  crown  8vo.  cloth,  price  y.  6d. 

KING  (Edward)— ^cnozs  from  the 
Orient.  With  Miscellaneous  Poems. 
Smtdl  crown  8vo.  cloth,  price  3r.  6d. 

KING  (Mrs.  Hamilton)— The  Disciples. 
Fifth  Edition,  with  Portrait  and  Notes. 
Crown  8vo.  price  5;. 

A  Book   of  Dreams.     Crown  8vo. 
cloth,  price  55. 

LANG  (/*.)— XXXII  Ballades  in  Blue 
China.  Elzevir  8vo.  parchment, 
price  5^. 

LA  IVSON  (Right  Hon.  Mr.  Justice)— 
Hymni  Usitati  Latine  Redditi, 
with  other  Verses.  Small  8vo.  parch- 
ment, price  5^. 

LEIGH  (Arran  and  /j/a)  —  Bellero- 
PHdN.  Small  crown  8vo.  cloth, 
price  Ss. 

LEIGHTON  (_Ro6ert)—RECOKDS  and 
other  Poems.  With  Portrait.  Small 
crown  8vo.  cloth,  price  7;.  6d. 

Lessing's  Nathan  the  Wise.  Trans- 
lated by  Eustace  K.  Corbett.  Crown 
8vo.  cloth.  6s. 

Living  English  Poets,  mdccclxxxii. 
With  Frontispiece  by  Walter  Crane. 
Second  Edition.  Large  crown  8vo. 
printed  on  hand-made  paper.  Parch- 
ment, 12s. ;  vellum,  15 J. 

LOCKER  (/:)— London  Lyrics.  A 
Cheap  Edition,  price  2s.  6d. 

Love  in  Idleness.  A  Volume  of  Poems. 
With  an  etching  by  W.  B.  Scott. 
Small  crown  8vo.  doth,  price  Jr. 

LovK  Sonnets  of  Proteus.  With 
Frontispiece  by  the  Author.  Elzevir 
8vo.  doth,  price  it. 
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LOWNDES  {Henry)  —  Poems  and 
Translations.  Crown  8vo.  cloth,  6s. 

LUMSDEN  {Utut.-Col.  11.  JF.)— Beo- 
wulf: an  Old  English  Poem. 
Translated  into  Modem  Rhymes. 
Second  and  revised  Edition.  Small 
crown  8vo.  cloth,  price  51. 

Lyre  and  Star.     Poems  by  the  Author 

of  'Gineyra,'  &c.    Crown  8to.  cloth, 

price  5f. 
MACLEAN   (Charles  Donald)— "Lktw 

AND  Greek  Verse  Translations. 

Small  crown  8vo.  cloth,  zr. 

MAGNUSSON  (Eirikr)  M.A.,  and 
PALMER  (E.  H.)  M.A.—lOHAit 
LuDviG  Runeberg'sLyrical  Songs, 
Idylls,  and  Epigrams.  Fcp.  8vo. 
cloth,  price  Ss. 

MDC.  Chronicles  of  Christopher  Co- 
lumbus. A  Poem  in  Twelve  Cantos. 
Small  crown  8vo.  cloth,  Js.  6d. 

MEREDITH  (Owen)  [The  Earl  of 
Lytton\  LuciLE.  With  32  Illus- 
trations. l6mo.  cloth,  price  y.  6d.  ; 
cloth  extra,  gilt  edges,  price  4r.  6d, 

MIDDLE  TON  (The  Z«(k)— Ballads. 
Square  l6mo.  cloth,  price  3J.  f>d. 

MORICE  (Rev.  F.  D.)  M.A.~Tnz 
Olympian  and  Pythian  Odes  of 
Pindar.  A  New  Translation  in  Eng- 
lish Verse.     Crown  8vo.  price  ^s.  6d. 

MORRIS  (Z«t/M)  —  Poetical  Works. 
Vol.  I.  contains  Songs  of  Two  Worlds. 
Vol.  II.  contains  The  Epic  of  Hades. 
Vol.  III.  contains Gwen  and  the  Ode  of 
Life.  New  and  Cheaper  Editions,  with 
Portrait,  complete  in  3  vols.  5j.  each. 

The  Epic  of  Hades.  With  16  Auto- 
type Illustrations  after  the  drawings  by 
the  late  George  R.  Chapman.  4to. 
cloth  extra,  gilt  leaves,  price  2ix. 

The  Epic  of  Hades.  Presentation 
Edition.  4to.  cloth  extra,  gilt  leaves, 
price  los.  fid. 

Day  and  Night.  A  Volume  of  Verses. 
Fcp.  8vo. 
MORSHEAD  (E.  D.  y<.)— The  House 
Atreus.  Being  the  Agamemnon, 
Libation-Bearers,  and  Furjes  of  i£s- 
chylus .  Translated  into  English  Verse. 
Crown  8vo.  cloth,  price  7;. 

The  Suppliant  Maidens  op  yCscHY- 
Lus.    Crown  8vo.  cloth,  price  3^.  6d. 


NADEN  (Constance  fF.)— Songs  and 
Sonnets  of  Spring  Time.  Small 
crown  8vo.  cloth,  price  Sj. 

NEWELL  (E.  7.)— The  Sorrow  of 
SiMONA,  and  Lyrical  Verses.  Small 
crown  8vo.  cloth,  3;.  6d. 

NOAKE  (Major  R.  Comfton)  —  The 
Bivouac  ;  or.  Martial  Lyrist  With 
an  Appendix :  Advice  to  the  Soldier. 
Fcp.  ova  price  5^.  6d. 

NOEL  (The  Hon.  Roden)—k  Little 
Child's  Monument.  Second 
Edition.  nail  crown  8vo.  doth, 
3*.  6d. 

NORRIS  (Rev.  Al/red)— The  Inner 
and  Outer  Life.  Poems.  Fcp. 
8va  cloth,  price  6s. 

Ode  of  Life  (The).  By  the  Author  of 
'The  Epic  of  Hades,'  &c.  Fourth 
Edition.     Crown  8vo.  cloth,  price  $s. 

0' HAG  AN  OA«)-The  Song  of 
Roland.  Translated  into  English 
Verse.  New  and  Cheaper  Edition. 
Crown  8vo.  cloth,  price  5;. 

PFEIFFER  (EmUy)—G\J>Xi  Alarch  : 
his  Silence  and  Song.  A  Poem. 
Second  Edition.  Crown  8vo.  price 
6s. 

Gerard's  Monument,  and  other  Poems. 
Second  Edition.  Crown  8vo.  cloth, 
price  6s. 

Quarterman's  Grace,  and  other 
Poems.     Crown  8vo.  cloth,  price  5'* 

Poems.  Second  Edition.  Crown  8vo. 
cloth,  price  6s. 

Sonnets  and  Songs.  New  Edition. 
l6mo.  handsomely  printed  and  bound 
in  cloth,  gilt  edges,  price  41. 

Under  the  Aspens  :  Lyrical  and 
Dramatic.  Crown  8vo.  with  Portrait, 
cloth,  price  ts. 

PIKE  (Wariurton)—THK  Inferno  of 
Dante  Alighieri.  Demy  8vo. 
cloth,  price  Ss. 

Rare  Poems  of  the  i6th  and  17TH 
Centuries.  Edited  by  W.  J.  Linton. 
Crown  8vo.  cloth,  price  ^r. 

RHOADES  (James)— Ivx.  Georoics  OF 
Virgil.  Translated  into  Eiwlith 
Verse.  Small  crown  8vo.  cfoth, 
price  5x. 
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ROBINSON  {A.  Mary  /".)— A  HANDFUL 
OF  Honeysuckle.  Fcp.  8vo.  cloth, 
price  y.  fid. 

The  Crowned  Hippolytus.  Trans- 
lated from  Euripides.  With  New 
Poems.  Small  crown  8vo.  doth, 
price  5^ . 

SAUNDERS  {>*«)— Love's  Martyr- 
dom :  a  Play  and  Poem.  Small 
crown  8vo.  cloth,  5^ . 

Schiller's  Mary  Stuart.  German 
Text  with  English  Translation  on 
opposite  page.  By  Leedham  White. 
Crown  8vo.  cloth,  dr. 

SCOTT  {George  F.  i?.)— Theodora,  and 
other  Poems.  Small  crown  8vo.  cloth, 
price  3; .  6d. 

SELKIRK  {J.  A)— Poems.  Crown  8vo. 
doth,  price  ^s.  6d. 

SHAW{IV.  F.)  M.A.—JvvEJiAh,  Per- 
sius.  Martial,  and  Catullus  : 
an  Experiment  in  Translation.  Crown 
8vo.  doth,  5^. 

SHELLEY  (Percy  Bysshe)  —  Poems 
Selected  from.  Dedicated  to  Lady 
.Shelley.  With  Preface  by  Richard 
Gamett.  Printed  on  hand-made  paper, 
with  miniature  Frontispiece,  Elzevir 
8vo.  limp  parchment  antique,  price  6f . ; 
vellum,  price  ^s.  6d. 

Six  Ballads  about  King  Arthur. 
Crown  8vo.  doth  extra,  gilt  edges, 
price  3; .  6d. 

SLADEN  (Douglas  B.  fr.)-FRlTHjOF 
AND  Ingebjorg,  and  other  Poems. 
Small  crown  8vo.  cloth,  5/. 

Sophocles  :  The  Seven  Plays  in  English 
Verse.  Translated  by  Lewis  Camp- 
bell.   Crown  8vo.  cloth,  price  ^s.  6d. 

TA  YLOR  {Sir  //.)— Works  Complete  in 
Five  Volumes.  Crown  8vo.  doth, 
price  3or. 

Philip  van  Artevelde.    Fcp.  8vo. 
price  3*.  6d. 

The  Virgin  Wido\v,  &c.    Fcp.  8vo. 
price  3x.  M. 

The  Statesman.     Fcp.   8vo.   price 
3^ .  6d. 


TENNYSON    {AJ/red) —  Works  Com- 
plete  : 

The  Imperial  Library  Edition. 
Complete  in  7  vols.  Demy  8vo.  price 
lOr.  6d.  each;  in  Roxburgh  binding, 
izr.  6d.  each. 

Author's  Edition.  In  7  vols.  Post 
8vo.  cloth  gilt,  43J.  6d. ;  or  half- 
morocco,  Roxburgh  style,  price  54/. 


Cabinet  Edition. 
with  Frontispiece. 
2s.  6d.  each. 


13  vols. 
Fcp.   8vo. 


Each 
price 


Cabinet  Edition.  13  vols.  Complete 
in  handsome  Ornamental  Case,  35;. 

The  Royal  Edition.  In  i  voL  With 
26  Illustrations  and  Portrait.     Cloth 

.  extra,  bevelled  boards,  gilt  leaves, 
price  2ls. 

The  Guinea  Edition.  Complete  in 
13  vols,  neatly  bound  and  enclosed 
in  box.  Cloth,  price  2ix.;  French 
morocco  or  parchment,  price  31s.  6d. 

Shilling  Edition.  In  13  vols,  pocket 
size,  is.  each,  sewed. 

The  Crown  Edition.  Complete  in 
I  vol.  strongly  bound  in  cloth,  price 
6s.  I  doth,  extra  gilt  leaves,  price 
7f .  6J. ;  Roxburgh,  half-morocco, 
price  8s.  6d, 

\*  Can  also  be  had  in  a  variety  of  other 
bindings. 

Original  Editions  :— 

Poems.    Small  8vo.  price  dr. 

Maud,  and  other  Poems.  Small  8va 
price  y.  6d. 

The  Princess.    Small  8vo.  price  y.6d. 

Idylls  of  the  Kino.  Small  8vo. 
price  5x. 

Idylls  of  the  King.  Complete. 
Small  8vo.  price  dr. 

The  Holy  Grail,  and  other  Poems. 
Small  8vo.  price  41.  6d. 

Gareth  and  Lynettb.  Small  8vo. 
price  3f . 
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TENNYSON  (-r4(fV*</)— continued. 
Enoch  Arden,  &c    Small  8vo.  price 

3*.  (id. 
In  Memoriam.     Small  8vo.  price  4r. 

Harold  :  a  Drama.  New  Edition. 
Crown  8vo.  price  fa. 

Queen  Mary:  a  Drama.  New  Edi- 
tion.    Crown  8vo.  price  6x. 

The  Lover's  Tale.    Fcp.  8vo.  cloth, 

y.  6</. 
Ballads,  and  other  Poems.  Small  8vo. 

cloth,  price  5i 

Selections  from  the  above  Works. 
Super-royal  i6mo.  price  3;.  ftd. ;  cloth 
gilt  extra,  price  4r. 

Songs  from  the  above  Works. 
i6mo.  cloth,  price  2s.  6d. 

Tennyson  for  the  Young  and  for 
Recitation.  Specially  arranged. 
Fcp.  8to.  If.  6d. 

The  Tennyson  Birthday  Book.  Edited 
by  Emily  Shakespear.    32mo.   cloth 
,  limp,  2s. ;  cloth  extra,  35. 

%*  A  superior  Edition,  printod  in  red 
and  black,  on  antique  paper,  specially 
prepared.  Small  crown  8vo.  cloth, 
extra  gilt  leaves,  price  5...^  and  in 
various  calf  and  morocco  bindings. 

THORNTON  (L.  ^Jf.)— The  Son  of 
Shelomith.  Small  crown  8vo. 
cloth,  price  3r.  6d. 

TODHUNTER  (Z?r.  7.)— Laurella, 
and  other  Poems.    Crown  8vo.  6; .  fxl. 

Forest  Songs.  Small  crown  8va 
cloth,  price  y.  6d. 

The  True  Tragedy  of  Rienzi  :  a 
Drama.     Cloth,  price  3r.  6d. 


TODHNUTER—corAiTMtA. 

Alcestis:  a  Dramatic  Poem.  Extra 
fcp.  8vo.  cloth,  price  5^. 

A  Study  of  Shelley.  Crown  8vo. 
cloth,  price  7^. 

Translations  from  Dante,  Petrarch, 
Michael  Angelo,  and  Vittoria 
CoLONNA.  Fcp.  8vo.  doth,  price  7f.6</. 

TURNER  (Rev.  C.  Tennyson)— Sowets, 
Lyrics,  and  Translations.  Cro#n 
8vo.  cloth,  price  4s.  6d. 

Collected  Sonnets,  Old  and  New. 
With  Prefatory  Poem  by  Alfred 
Tennyson  ;  also  some  Marginal 
Notes  by  S.  T.  Coleridge,  and  a 
Critical  Essay  by  James  Spedding< 
Fcp.  8vo  doth,  price  7s.  6d. 

WALTERS  (Sophia  Lydia)  —  A 
Dreamer's  Sketch  Book.  With 
21  Illustrations  by  Percival  Skelton, 
R.  P.  Leitch,  W.  H.  J.  Boot,  and 
T.  R.  Pritchett.  Engraved  by  J.  D. 
Cooper.  Fcp.  4to.  cloth,  price 
\2s.6d. 

WEBSTER  (Augusta)— la  A  Day:  a 
Drama.  Small  crown  8vo.  cloth, 
price  2s.  6d. 

Wet  Days.  By  a  Fanner.  Small  crown 
8vo.  doth,  price  6s. 

W/LR/NS(Wi/liam)—S6aGS  OF  STUDY. 
Crown  8vo.  cloth,  price  dr. 

WILLIAMS  (J.)—h  Story  of  Three 
Years,  and  other  Poems.  Small 
crown  8vo.  cloth,  price  3r.  6d. 

YOUNGS  (Ella  Sharpe)—Y KfWi%^  and 
other  Poems.  Small  crown  8vo.  cloth, 
price  3r.  6d. 


WORKS  OF  FICTION  IN  ONE   VOLUME. 


BANKS  {Mrs.  G.  Z.)— God's  Provi- 
dence House.  New  Edition.  Crown 
8vo.  cloth,  price  3r.  6d. 

HARDY  (Thomas)— K  Pajr  of  Blue 
Eyes.  Author  of '  Far  from  the  Mad- 
ding Crowd.'  New  Edition.  Crown 
8to.  price  ts. 


HARD  Y  ( T^oOTOf)— continued. 
The  Return  of  the  Native.    New 
Edition.     With  Frontispiece.    Crown 
8vo.  cloth,  price  6s. 

INGELOW  (yean)— Off  THK  Skelligs. 
A  Novel.  With  Frontbpiece.  Second 
Edition.    Crown  8vo.  cloth,  price  6s. 
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MACDONALD  {(7.)  — Castle  War- 
lock. A  Novel.  New  and  Cheaper 
Edition.    Crown  8vo.  cloth,  price  6s. 

Malcolm.  With  Portrait  of  the  Author 
engraved  on  Steel.  Sixth  Edition. 
Crown  8vo.  price  dr. 

The  Marquis  op  Lossie.  Fourth 
Edition.  With  Frontispiece.  Crown 
8vo.  cloth,  pric^  dr. 

St.  George  and  S.-.  Michael.  Third 
Edition.  With  Frontispiece.  Crown 
8vo.  cloth,  6f. 

PALGRAVE  (W.  Giford)—UEKUAiiS 
Agha  :  an  Eastern  Narrative.  Third 
Edition.    Crown  8vo.  cloth,  price  6r. 

SHAW  {Flora  Z.) -Castle  Blair;  a 
Story  of  Youthful  Days.  New  and 
Cheaper  Edition.  Crown  8vo.  price 
y.  6d. 

STRETTON  {Hesba)  —  Through  a 
Needle's  Eye.  A  Story.  New  and 
Cheaper  Edition,  with  Frontispiece. 
Crown  8vo.  cloth,  price  dr. 


TAYLOR  {Col.Meadows)C.S.I.,M.R.I.A. 
Seeta.    A  Novel.     New  and  Cheaper 
Edition.     With  Frontispiece.    Crown 
8vo.  cloth,  price  dr. 

TiPPOO  SuLTAUN  :  a  Tale  of  the  Mysore 
War.  New  Edition,  with  Frontispiece. 
Crown  8vo.  cloth,  price  6s. 

Ralph  Darnell.  New  and  Cheaper 
Edition.  With  Frontispiece.  Crown 
8vo.  cloth,  price  dr. 

A  Noble  Queen.  New  and  Cheaper 
Edition.  With  Frontispiece.  Crown 
8vo.  cloth,  price  dr. 

The  Confessions  of  a  Thug. 
Crown  8vo.  price  dr. 

Tara  :  a  Mahrfitta  Tale.  Crown  8vo. 
price  dr. 

Within  Sound  of  the  Sea.  New 
and  Cheaper  Edition,  with  Frontis- 
piece.     Crown  8vo.  cloth,  price  dr. 


BOOKS   FOR   THE   YOUNG. 


Brave  Men's  Footsteps.  A  Book  of 
Example  and  Anecdote  for  Young 
People.  By  the  Editor  of  •  Men  who 
have  Risen.'  With  Four  Illustrations 
by  C.  Doyle.  Eighth  Edition.  Crown 
8vo.  price  3f.  6d. 

COXHEAD  (£'/^/)— Birds  and  Babies. 
With  33  Illustrations.  Imp.  idmo. 
cloth  gilt,  price  zs.  6d. 

DAVIES  {G.  CAm/<»/Arr)  —  Rambles 
AND  Adventures  of  our  School 
Field  Club.  With  Four  Illustra- 
tions. New  and  Cheaper  Edition. 
Crown  8vo.  price  3j.  6d. 

EDMONDS  (Nerbert)  —  Well-spent 
Lives  :  a  Series  of  Modem  Biogra- 
phies. New  and  Cheaper  Edition. 
Crown  8vo.  price  y.  6d. 

EVANS  (Arar>6)— The  Story  of  our 
Father's  Love,  told  to  Children. 
Fourth  and  Cheaper  Edition  of 
Theology  for  Children.  With  Four 
Illustrations.    Fcp.  8vo.  price  is.  6d. 


yOHNSON{VirgmiaW.)-TKV.CKt%lli\VL 
Fairies.  Illustrated  by  Alfred 
Fredericks.    Cloth,  price  $s. 

MAC  KENNA  {S.  7.)— Plucky  Fel- 
lows. A  Book  for  Boys.  With  Six 
Illustrations.  Fifth  Edition.  Crown 
8vo.  price  3r,  6d. 

REANEY  (Mrs.  G.  5^.)— Waking  and 
Working;  or,  From  Girlhood  to 
Womanhood.  New  and  Cheaper 
Edition.  With  a  Frontispiece.  Cr. 
8vo.  price  y.  6a. 

Blessing  and  Bltcssed  :  a  Sketch  of 
Girl  Life.  New  and  Cheaper  Edition. 
Crown  8vo.  cloih,  price  y.  6d. 

Rose  Gurnev's  Discovery.  A  Book 
for  Girls.  Dedicated  to  their  Mothers. 
Crown  8vo.  cloth,  price  3r.  6d. 

English  Girls:  Their  Place  and  Power. 
With  Preface  by  the  Rev.  R.  W.  Dale. 
Fourth  Edition.  Fcp.  i\o.  cloth, 
price  2t.  6d. 
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REANEY{Mrs.  G.  J.)-continued. 

Just  Anyone,  and  other  Stories.  Three 
Illustrationi.  Royal  i6mo.  cloth,  price 
xs.dd. 

Sunbeam  Willie,  and  other  Stories. 
Three  Illustrations.  Royal  i6ino. 
price  IX.  dd. 

Sunshine  Tenny,  and  other  Stories. 
Three  Illustrations.  Rnyal  i6mo. 
cloth,  price  It.  &/. 

STOCKTON  {Frank  ^.)— A  Jolly  Fel- 
lowship. With  20  Illustrations. 
Crown  8vo.  cloth,  price  er. 


STORR  {Francis)  and  TURNER  {Howes). 
Canterisury  Chimes;  or.  Chancer 
Tales  Re-told  to  Children.  With  Six 
Illustrations  from  the  Ellesmere  MS. 
Second  Edition.  Fcp.  8vo.  cloth, 
price  3*.  6d, 

STRETTON  (^«Ai)— David  Lloyd's 
Last  Will.  With  Four  Illustra- 
tions. New  Edition.  Royal  i6mo. 
price  zs.  6d. 

Tales  from  Ariosto  Retold  for 
Children.  By  a  Lady.  With  Three 
Illustrations,  crown  8vo.  cloth, 
price  4J.  6d. 
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